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PREFACE. 


STRONOMY  is  not  cultivated  in  this  country, 
either  as  a  study  or  as  a  recreation,  to  the 
extent  that  it  is  on  the  Continent  of  Europe  and 
in  America.  I  am  not  exactly  prepared  to  say 
why  this  should  be  so,  but  perhaps  a  clue  can  be 
found.  There  is  a  lack  of  works  in  the  English 
language  which  are  at  one  and  the  same  time 
attractive  to  the  general  reader,  serviceable  to  the 
student,  and  handy,  for  purposes  of  reference,  to 
the  professional  Astronomer  ;  in  fact,  of  works  which 
are  popular  without  being  vapid,  and  scientific 
without  being  unduly  technical. 

The  foregoing  observations  will  serve  to  indicate 
why  this  book  has  been  written.  Its  aim,  curtly 
expressed,  is,  general  usefulness. 

Preferring  facts  to  fancies,  I  have  confined  within 
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very  moderate  limits  Theoretical  considerations,  and 
especially  have  I  avoided  chronicling  any  of  those 
mischievous  speculations  on  matters  belonging  to  the 
domain  of  Recondite  Wisdom,  which  have  withm  the 
last  few  years  borne  such  pernicious  yet  natural 
fruits. 

Great  pains  have  been  taken  to  present  the  latest 
information  on  all  branches  of  the  Science.  As- 
tronomical progress  is  usually  so  rapid,  that  unless 
an  author  exercises  constant  vigilance,  a  book  will 
soon  fall  behind  the  times.  In  regard  to  this  matter 
of  bringing  up  to  date,  it  is  believed  that  the  present 
volume  will  compare  favourably  with  any  of  its 
contemporaries. 

It  is  quite  impossible  for  me  to  thank  by  name 
all  the  correspondents  who  have  been  good  enough 
to  furnish  me  with  hints  and  suggestions  as  to  this 
work.  There  are,  however,  some  of  my  friends  whom 
I  cannot  pass  over  in  this  summary  manner.  In 
particular  am  I  indebted  to  Mr.  Hind^  Professor 
Pricey  F.  R.  S.,  Mr.  F.  Brodie,  Mr.  H.  J,  Hood,  Mr. 
Lynn,  of  the  Royal  Observatory,  Greenwich,  and 
Mr.  Brothers,  for  the  literary  assistance  which  they 
have  afforded  me ;  and  also  to  Mr.  Fletcher,  Mr.  De 
La  Rue,  Mr.  Nasmyth,  Mr.  J.  Murray,  Dr.  C.  A.  F. 
Peters,  the  Secretaries  of  the  Royal  Astronomical 
Society,    and    the    Editors    of    the    Popular    Science 
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Review  and  Astronomical  Register,  for  divers  facilities 
in  regard  to  the  illustrations. 

The  Woodcuts  have  mostly  been  executed  under 
my  own  personal  superintendence,  but  those  of  the 
Clusters  and  Nebulae  are  not  all  to  my  satisfaction. 
It  has  been  very  difficult  to  prevent  the  Engraver 
from  unduly  exaggerating  the  brilliancy  of  the  stellar 
details. 

Perhaps  this  is  a  fitting  place  to  draw  attention  to 
a  matter  of  some  importance  in  connection  with 
Sir  John  HerscheVs  very  numerous  drawings  of  Clus- 
ters and  Nebulae.  It  does  not  appear  to  be  generally 
known  that  they  are  all  reversed  right  and  left,  and 
the  consequence  is,  that  unless  allowance  is  made 
for  the  reversal,  when  comparisons  are  instituted, 
either  with  the  objects  themselves  or  with  the  figures 
of  other  observers  (who,  so  far  as  I  have  noticed, 
invariably  represent  the  objects  as  they  are  seen 
through  an  inverting  telescope),  the  reader  will  find 
it  impossible  to  reconcile  the  startling  discrepancies 
which  manifest  themselves. 

Every  care  has  been  taken  to  secure  accuracy  in 
the  printing,  and  I  trust  that  the  errors  which  may 
have  escaped  notice  are  neither  numerous  nor  im- 
portant. 

Finally,  1  hope   that  this  book  may  be  the  means 
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of  inducing  some,  at  least,  to  interest  themselves  in 
the  study  of  that  noble,  but  by  no  means  abstruse, 
Science  which  in  so  conclusive  a  manner  shews  forth 
the  wonderful  Wisdom,  Power,  and  Beneficence  of 
the  Great  Creator  and  Omnipotent  Ruler  of  the 
Universe. 
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Lethen  Grcmgey  Sydenhcrni^  Kent 
ChrittmaS'tide,  1866. 
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ADDENDA    ET   CORRIGENDA. 


Vtigt      Lme 

8       28       Sporer's  Yslne  for  the  duration  of  the  Sun's  rotation  is 

25^  6^  37"- 

18         6      For  Hausteen  read  Hansteen. 

83       ...       Attention  should  have  been  called  to  Forster's  remark 

{MorUh,  Not  ix.  37),  that  Saturday  new  moons  result 
in  3  weeks  of  wet  weather.  An  examination  of  the 
observations  of  80  years,  he  allied,  shewed  this  co- 
incidence. 

96       ...       Flanet  @  was  discovered  by  St^phan,  at  Marseille& 

A  new  planet  @  was  discovered  on  Oct.   i,  1866,  by 
Luther  at  Bilk.     It  has  been  named  ArUiope. 

A  new  planet   @   was  discovered  on  Nov.  4,  1866,  by 
St^phan,  at  Marseilles. 

322         2       Hoek  has  computed  new  elements  of  the  Comet  of  1558, 

materially  differing  from  those  of  Olbers.     {Aat.  Nach. 
,       1614.) 

466       27       Add — "  An  object,  whatever  be  its  size,  subtends  an  angle  of 

1"  when  removed  to  a  distance  of  206,265  times  its 
own  dimensiona"' 

580       ...       M.  Schmidt  has  recently  announced  the  following  stars  to 

be  variable : — 

B.A.  1870.  DeoL  187a 
h.    m.    s.  o       t 

3  Sagittarii     ..    17  39  22  —  27  46*6 

7' Sagittarii    ..    17  56  42  —  29  35*0 

The  period  of  the  former  is  6*9  days,  and  of  the  latter 
7*6  dajTs. 

692       15       Rutherford  has  succeeded  in  obtaining  photographs  of  stars 

as  small  as  the  8^  mag. ;  and  can  do  so  readily,  provided 
the  stars  are  not  red.  He  has  also  obtained  excellent 
pictures  of  the  Pleiades. — (Gould,  inAst  Nach,  1620.) 


THE    GREEK    ALPHABET. 


«  « 


**  The  small  letters  of  this  alphabet  are  so  fre- 
quently employed  in  Astronomy  that  a  tabular  view 
of  them,  together  with  their  pronunciation,  will  be 
useftil  to  many  unacquainted  with  the  Greek  language. 


a  Alpha. 

V  Nu. 

jS  Beta. 

f  Xi. 

y  Gamma. 

0  0-micron 

S  Delta. 

IT  Pi. 

€  Epsilon. 

P  Rho. 

C  Zeta. 

(T  Sigma. 

17  Eta. 

T  Tau. 

6  Theta. 

V  Upsilon. 

i   Iota. 

0  Phi. 

K  Kappa. 

xChi. 

X  Lambda. 

V^Psl 

fi  Mu. 

0)  0-mega. 
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CHAPTER    I. 


THE  SUN.     O 


"O  ye  Sun  and  Moon,  bless  ye  the  Lobd  :  praise  Him,  and  magnify 

Him  for  ever." — BenediHU. 


Atttromomical  importance  of  the  Sun. — Solar  parallax.*^  The  means  of  determining  it, — 
Numerical  data. — Light  and  Heat  of  the  Sun. — Spots. — Description  of  their 
appearance, — How  distributed. — Their  duration, — Effect  of  the  varying  position 
of  the  Earth  with  respect  to  the  Sun. — Their  size. — Instances  of  large  Spots  visible 
to  the  naked  eye. — Their  periodicity. — Discovered  by  Schwabe. — Table  of  his 
results. — Curious  connexion  between  their  periodicity  and  that  of  other  jihysical 
phaiomena. — Sing^dar  occurrence  in  SeptemJ>er  1859. —  Wolf's  researches. — Spots 
€tnd  Terrestrial  Temperatures. — Their  Physical  Nature. — The  Wilson -Herschel 
Theory. — Historical  Notices. — Scheiner. — FacuUe. — Lucvli. — Nasmyth*s  observa- 
tions on  the  character  of  the  Sun's  Surface. — Huggins's  ditto. — Ballot's  inquiry 
into  Terrestrial  Temperatures. 

IF  there  is  one  material  object  more  than  another  which  may 
be  regarded  as  occupying  the  foremost  place  in  the  mind  of  the 
astronomer^  it  is  the  Sun.  Speaking  generally,  there  is  scarcely 
any  branch  of  astronomical  inquiry  with  which,  directly  or  in- 
directly, the  Sun  is  not  associated  in  some  way  or  other.  Even 
in  sidereal  astronomy,  with  which  a  connexion  would  at  first 
sight  scarcely  seem  possible,  it  comes  before  us  (as  we  shall  in 
due  course  see)  in  reference  to  the  supposed  proper  motion  of 
the  solar  system  through  space.  Under  these  circumstances,  and 
bearing  in  mind  the  position  it  holds  in  the  universe,  it  will  not 
appear  imreasonable  if  we  devote  to  it  the  very  foremost  place. 
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By  common  consent^  the  mean  distance  of  the  Earth  from  the 
Sun  has  been  accepted  as  the  usual  unit  of  astronomical  measure- 
ment. The  most  approved  method  of  determining  the  value  of  this 
is  (as  was  first  pointed  out  by  Halley)  by  the  aid  of  observations  on 
transits  of  the  planet  Venus  across  the  Sun  (to  be  dealt  with  gene- 
rally hereafter).  The  problem  is  an  intricate  one  for  various  reasons^ 
and  an  examination  of  it  does  not  fairly  come  within  the  scope  of 
this  work:  suffice  it  then  to  say,  that  the  observations  above 
alluded  to  place  us  in  possession  of  the  amount  of  the  Sun's 
equatorial  horizontal  parallax ;  in  other  words,  give  us  the  angular 
measure  of  the  Earth's  equatorial  semi-diameter  as  seen  from  the 
Sun,  the  Earth  being  at  its  mean  distance  from  that  luminary. 
With  this  element  given,  it  is  not  difficult  to  determine,  by 
simple  trigonometry,  the  Sun's  distance,  expressed  in  radii  of  the 
Earth,  reducible  thereafter  to  miles. 

Professor  Encke,  of  Berlin,  executed  an  able  discussion  of  the 
observations  of  the  transit  of  Venus  in  1769,  and  deduced  8-5776" 
as  the  amount  of  the  angle  in  question^.  From  this  we  find  the 
mean  distance  of  the  Earth  from  the  Sun  to  be  24046*9  times  the 
equatorial  radius  of  the  former  (3962*8  miles),  equal  to  95^293,055 
British  statute  miles.  We  shall  soon  see  that  this  has  ceased 
to  be  a  definitive  value. 

At  a  meeting  of  the  Boyal  Astronomical  Society,  held  on 
May  8,  1857,  the  Astronomer  Boyal  proposed  a  method  for  de- 
termining the  absolute  dimensions  of  the  solar  system,  founded 
upon  observations  of  the  displacement  of  Mars  in  right  ascension, 
when  it  is  far  east  of  the  meridian  and  far  west  of  the  meridian, 
as  seen  at  a  single  observatory;  such  observations  to  be  made  a 
fortnight  before  and  a  fortnight  after  the  opposition  of  the  planet. 
In  consequence  of  the  great  eccentricity  of  the  orbit  of  Mars, 
the  method  is  only  applicable  to  those  oppositions  during  which 
the  planet  is  nearly  at  its  least  possible  distance  from  the  Earth. 
Mr.  Airy  pointed  out  the  advantages  of  this  method  in  the 
various  respects  that  Mars  may  then  be  compared  with  stars 
throughout  the  night;    that  it  has  two   observable   limbs,  both 

*  Der  Venuedurchgang  von  1769,  p.  108.    Gotba,  1834. 
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admitting  of  good  observation ;  that  it  remains  long  in  proximity 
to  the  Earth ;  and  that  the  nearer  it  is,  the  more  extended  are  the 
hours  of  obsenration,  in  all  of  which  matters  Mars  is  a  better 
object  upon  which  to  found  deductions  than  Venus  likewise  ob- 
served for  right  ascensional  displacement.  He  also  entered  into 
some  considerations  relative  to  certain  of  the  forthcoming  opposi- 
tions^ and  named  those  of  i860,  1862,  and  1877,  as  favourable 
for  determining  parallax  in  the  manner  he  suggested ''.  The 
general  advantage  of  having  observations  made  on  this  plan  was 
explained  to  be,  that  transits  of  Venus  would  not  occur  till  1874 
and  1882,  and  that,  apart  from  the  inconvenience  of  holding  so 
long  in  suspense  our  accepted  determination  of  the  Sun's  distance, 
there  were  terrestrial  difficulties  which  might  interfere  with  ob- 
servations when  the  time  actually  did  arrive. 

Another  astronomer  now  appears  on  the  scene.  M.  Le  Vender 
announced  in  i86i<:  that  he  could  only  reconcile  discrepancies 
in  the  theories  of  Venus,  the  Earth,  and  Mars,  by  assuming  the 
value  of  the  solar  parallax  to  be  much  greater  than  the  usually 
received  value  of  8-5776".     He  fixed  8*95"  as  its  probable  value. 

The  importance  of  a  re-determination  was  thus  rendered  more 
and  more  obvious,  and  Ellery,  of  Williamstown,  Victoria,  New 
South  Wales,  succeeded  in  obtaining  a  fine  series  of  meridian  ob- 
servations of  Mars,  at  its  opposition  in  the  autumn  of  1862,  whilst 
a  corresponding  series  was  made  at  the  Royal  Observatory,  Green- 
wich. These  have  been  reduced  by  Stone,  of  Greenwich,  and  the 
mean  result **  is  a  value  of  8*932"  for  the  solar  parallax,  with  a 
probable  error  of  only  0*032",  supposing  the  probable  error  of  a 
single  observation  to  be  0*25".  This  result  is  singularly  of  accord 
with  Le  Verrier's  theoretical  deduction.  Winnecke's  comparison  of 
the  Pulkova  and  Cape  observations  of  Mars  yields  8*964". 

Though  there  may  be  some  uncertainty  in  the  amount  of  the  cor- 
rection, there  is  no  doubt  that  the  Sun  is  nearer  than  has  hitherto 
been  considered  to  be  the  case.  The  distance  amended  to  accord 
with  a  parallax  of  8*94"  is  about  91,430,000  miles.     Hansen  has 

•>  Month,  Not.  R.A.S.,  vol.  xvii.  pp.  ao8-2i. 

c  Anruiles  de  V OhncrtHitoire  /mpiriale,     Paris,  1861. 

«>  Month.  Not.  R.A.S.,  vol.  xxiii.  p.  185. 
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contributed  something  towards  the  elucidation  of  the  matter,  which 
must  not  be  passed  over.  As  far  back  as  1854  this  distinguished 
mathematician  expressed  his  belief  that  the  received  value  of  the 
solar  parallax  was  too  small,  and  in  1863  he  communicated  to 
the  Astronomer  Royal  a  new  evaluation,  derived  from  his  Lunar 
theory  by  the  agency  of  the  co-efficient  of  the  parallactic  inequality. 
The  result  is  8*9159",  a  quantity  fairly  of  accord  with  the  other 
values  set  forth  above*.  The  acceptance  of  a  new  value  for  the 
solar  parallax  necessitates  the  recomputation  of  all  numerical 
quantities  involving  the  Sun's  distance  as  a  unit. 

Having  ascertained  the  true  mean  distance  of  the  Earth  from 
the  Sun,  it  is  not  difficult  to  determine  by  trigonometry  the  true 
diameter  of  the  latter  body,  its  apparent  diameter  being  known 
from  observation ;  and,  as  the  most  reliable  results  shew  that  the 
Sun  at  mean  distance  subtends  an  angle  of  32'  3'4''>  it  follows 
that  the  true  diameter  is  85^,584  miles.  It  is  generally  accepted 
that  there  is  no  compression.  The  surface  of  this  enormous 
globe  therefore  exceeds  that  of  the  Earth  11,574  times,  and 
the  volume  1,245,130  times;  since  the  surfaces  of  spheres  are  to 
each  other  as  the  squares  of  the  diameters,  and  the  volumes  as 
the  cubes. 

The  lineal  value  of  i"  of  arc  at  the  mean  distance  of  the  Sun  is 
448  miles. 

The  Sun's  mass,  or  attractive  power,  exceeds  that  of  the  Earth 
314,760  times,  and  (approximately)  is  674  times  the  masses  of  all 
the  planets  put  together. 

By  comparing  the  volumes  of  the  Sun  and  the  Earth  and 
bringing  in  the  value  of  the  masses,  we  obtain  the  relative  specific 
gravity  or  density  of  the  two. 

The  Sun's  volume  exceeds  the  Earth's  by  1,245,130  to  i ;  the 
Sun's  mass  exceeds  the  Earth's  in  the  lesser  ratio  of  314,760  to  1. 
Therefore  the  density  of  the  Sun  is  to  the  density  of  the  Earth 
as  314,760  to  1,245,130,  or  as  I  to  4.  Then  taking  Baily's  value 
of  the  density  of  the  Earth  (5'67  times  that  of  water),  the 
density  of  the  Sun  is  i  '43  times  that  of  water. 

*  Month,  Not,  R.A.S.,  vol.  zxiv.  p.  8.  The  amount  of  the  correction  is  about 
equal  to  the  apparent  breadth  of  a  hiunan  hair  seen  from  a  distance  of  1 35  ft. 
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This  consideration  of  the  comparative  lightness  of  matter  com- 
posing the  Sun  has  led  Sir  J.  Herschel  to  think  that  it  is  ^^  highly 
probable  that  an  intense  heat  prevails  in  its  interior,  by  which 
its  elasticity  is  reinforced,  and  rendered  capable  of  resisting  [the] 
almost  inconceivable  pressure  [due  to  its  intrinsic  gravitation] 
without  collapsing  into  smaller  dimensions  ^" 

We  thus  see  that  the  Sun  is  eminently  worthy  of  the  important 
position  it  holds  as  the  centre  of  our  system,  and  thus  early  it  will 
be  Impropriate  to  mention  that  the  Sun  is  to  be  regarded  as  a  fixed 
body  so  far  as  concerns  ourselves ;  therefore  when  we  say  that  the 
Sun  "  rises,''  or  the  Sun  "  sets,''  or  the  Sun  moves  through  the 
signs  of  the  zodiac  once  a  year,  we  are  stating  a  conventional 
untruth ;  it  is  tee  that  move  and  not  the  Sun,  the  apparent  motion 
of  the  latter  being  an  optical  illusion. 

The  Sun  is  a  sphere,  and  is  surrounded  by  an  extensive  and  rare 
atmosphere,  and  is  self-luminous,  emitting  light  and  heat  which 
are  transmitted  certainly  beyond  the  planet  Neptune,  and  there- 
fore more  than  2700  miUions  of  miles.  Of  the  Sun's  heat,  it 
has  been  calculated  that  only  aasi/ooooo  part  reaches  usS,  so 
what  the  whole  amount  of  it  must  be  passes  human  comprehen- 
sion, like  many  other  things  in  science.  Our  annual  share  would 
be  suflScient  to  melt  a  layer  of  ice  all  over  the  Earth  38  yards  in 
thickness,  according  to  Pouillet  ^.  Another  similar  calculation  deter- 
mines the  direct  light  of  the  Sun  to  be  equal  to  that  afforded  by  5563 
wax  candles  of  moderate  size,  supposed  to  be  placed  at  a  distance 
of  one  foot  from  the  observer.  The  light  of  the  Moon  being  pro- 
bably equal  to  that  of  only  one  candle  at  a  distance  of  1 2  feet,  it 
follows  that  the  light  of  the  Sun  exceeds  that  of  the  Moon  801072 
times,  according  to  Wollaston.     ZoUner's  ratio  is  618,000. 

When  telescopically  examined,  the  equatorial  zones  of  the  Sun 
are  frequently  found  to  be  marked  with. dark  spots  or  macula^,  each 


'  Outlines  of  A»t^  p.  297. 

«  Granot,  Physics,  p.  331.  This  was 
calculated  on  the  old  value  of  the  solar 
parallax.     I  have  not  altered  it. 

*»  Cited  by  Ganot,  as  above.  To  shew 
the  great  power  of  the  calorific  rays  of 
the  sun,  I  may  mention  that  in  con- 
structing the  Plymouth  Break-water, 
the  men,  working  in  diving  bells,  at  a 


distance  of  30  ft.  below  the  surface,  had 
their  clothes  burnt  by  coming  under  the 
focus  of  the  convex  lenses  placed  in  the 
bell  to  let  in  the  light. 

'  Lat.  macula,  a  blemish.  Mr.  W.  R. 
Dawes  upholds  a  further  classification  : 
he  applies  to  the  ordinary  black  central 
portions  the  term  umbra  (shadow),  on 
the   highly  probable    ground    that    the 
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surrounded  Lj  a  fringe  of  a  lighter  sliade,  called  a  peuuml/ra^,  the 
two  not  pasBing  into  each  other  by  gradations  of  tints,  but 
abruptly.  In  the  few  cases  in  which  a  gradual  shading  has  been 
noticed.  Sir  J.  Herschel  believes  the  circumstance  may  be  ascribed 
to  an  optical  illusion,  arising  from  imperfect  definition  on  the 
retina  of  the  observer's  eye.  It  is  not  however  always  the  case 
that  each  spot  has  a  penumbra  to  itself,  several  spots  being 
occasionally  included  in  one  penumbra.  And  it  may  further  be 
remarked  that  cases  of  an  umbra  without  a  penumbra,  and  the 
contrary,  are  on  record,  though  these  may  be  termed  exceptional, 
and  considered  as  closely  relating  to  material  organic  changes 
just  commencing  or  terminating.  A  marked  contrast  subsistfi  in 
^'  I'  all    cases     between    the 

luminosity  of  the  pen- 
umbra and  that  of  the 
general  surface  of  the 
Sun  contiguous.  Towards 
their  exterior  edge  the 
penumbne  are  usually 
darker  than  nearer  the 
centre.  The  outlines  of 
the  penumbne  are  usually 
very  irr^ular,  but  the 
umbne,  especially  in  the 
larger  spots,  are  often 
of  r^ular  form  (com- 
Gbhbul  Teueboopio  Appsauhox  of  thb  Soh.  paratively  speaking,  of 
course),  and  the  nuclei  of  the  umbne  still  more  noticeably  partake 
of  a  compactness  of  outline.  Spots  are  for  the  most  part  confined 
to  a  zone  extending  35°  or  so  on  each  side  of  the  solar  eqnator, 
and  arc  neither  permanent  in  their  form  nor  stationary  in  th^r 
position,  frequently  appearing  and  dis)q>pearing  with  great  and- 
denness.  The  multitude  of  foots  concerning  them,  accumulated 
from  the  journals  of  many  observers,  extending  over  long  periods 

blaekneM  ii  m^ly  relative,    Patchea  of  ilismminatelj  ^>plied  to  all  the  hlM^iah 

deeper  blacknea  are  occanoDnUy  Dotjoed  urea.     This  dauiEcatioo  is  adcftted  in 

in  the  umbrae  ;  Mr.Daww  limite  to  theae  the  text. 
the  deeignBtioii   nucfrui,  nonietimGB  in-  I  Ptnt  nlmost,  and  wmfrni  a  ihadow. 
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of  years,  is  so  gi'eat  as  to  bewilder  one^  and  my  present  desire  to 
marshal  these  in  a  suitable  manner  will  involve  a  rather  difficult 
task^  and  when  it  is  accomplished  doubtless  something  of  im- 
portance will  have  been  lefb  out. 

The  general  limits  of  the  spots  in  latitude  may  be  stated  as 
above  at  35®^  but  instances  of  spots  seen  beyond  these  lines  are  on 
record.  In  1858  Carrington  saw  one  44°  53'  distant  from  the 
solar  equator;  in  1826  Capocci  one  46°;  in  1846  C.  H.  Peters 
one  50°  55' ;  and  La  Hire,  in  the  last  century,  saw  one  having  a 
latitude  as  much  as  70"^.  They  are  confined  to  two  belts  on  either 
side  of  the  Sun's  equator,  being  rarely  if  ever  seen  directly  under 
the  equator,  or  nearer  to  it  than  S'^  of  north  or  south  latitude : 
from  S"*  to  20°  is  their  most  frequent  range.  They  are  always 
more  numerous  and  of  a  greater  general  size  in  the  northern 
hemisphere;  the  zone  between  11''  and  15°  north  is  particularly 
noted  for  large  and  enduring  spots.  A  gregarious  tendency  is  very 
obvious,  and  where  the  groups  are  very  straggling,  the  longer  line 
joining  extreme  ends  will  pretty  generally  be  found  more  or  less 
parallel  to  the  equator,  and  not  only  so,  but  extending  across 
nearly  the  whole  of  the  visible  disc. 

Sir  John  Herschel  remarks,  ^^  These  circumstances  ....  point 
evidently  to  physical  peculiarities  in  certain  parts  of  the  Sun's  body 
more  favourable  than  in  others  to  the  production  of  the  spots,  on 
the  one  hand;  and  on  the  other,  to  a  general  influence  of  its 
rotation  on  its  axis,  as  a  determining  cause  in  their  distribution 
and  arrangement,  and  would  appear  indicative  of  a  system  of 
movements  in  the  fluids  which  constitute  its  luminous  surface; 
bearing  no  remote  analogy  to  our  trade-winds — ^from  whatever 
cause  arising  ^/'  In  reference  to  the  distribution  of  the  spots  in 
latitude,  the  recent  observations  of  Carrington  have  placed  us  in 
possession  of  some  important  facts.  That  observer  found  that  as 
the  epoch  of  minimum  approached,  the  spots  manifested  a  very 
distinct  tendency  to  advance  towards  the  equatorial  regions,  de- 
serting to  a  great  extent  their  previous  haunts  above  the  parallels 
of  20°  or  so.  After  the  minimum  epoch  arrived,  a  sudden  and 
marked  change  set  in,  the   equatorial   regions   becoming  almost 

^  Outlines  of  Aft ^  p.  251, 
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deserted  by  the  spots,  which  on  their  reappearance  shewed  them- 
selves chiefly  in  pamllels  higher  than  20°.  Wolf  finds  that  the 
observations  of  Bohm  reveal  the  fact  that  the  same  peculiarity  was 
noticed  by  that  observer  in  the  years  1833-6.  Wliether  this  is  a 
general  rule  remains  yet  to  be  ascertained,  but  Sir  John  Herschel 
remarks  that  if  such  be  the  case,  "  it  cannot  but  stand  in  immediate 
and  most  important  connexion  with  the  periodicity  itself,  as  well 
as  with  the  physical  process  in  which  the  spots  originate/' 

The  duration  of  individual  spots  is  a  matter  associated  with 
extremes  both  ways.  Some  remain  visible  for  several  months^ 
others  scarcely  for  as  many  minutes ;  but  a  few  days  or  weeks  will 
commonly  be  found  the  usual  extent  of  permanency.  Some  are 
formed  and  vanish  during  the  period  of  a  single  transit  (rather 
more  than  12^  days),  others  remain  during  several  successive 
transits;  for  it  will  be  readily  understood  that  the  Sun,  being 
endued  with  an  axial  rotation,  and  the  spots  being  fixed  (or  nearly 
so)  on  the  Sun's  surface,  it  will  not  be  possible  for  any  one  spot  to 
remain  in  sight  consecutively  for  longer  than  the  semi-duration  of 
the  Sun's  rotation.  When  observed  for  any  length  of  time,  a  spot 
will  first  be  noticed  on  the  eastern  limb,  disappearing  in  little  less 
than  a  fortnight  on  the  western  limb ;  after  an  interval  of  nearly 
another  fortnight,  the  spot,  if  still  in  existence,  will  reappear  on 
the  eastern  side,  and  in  like  manner  traverse  the  disc  as  before. 
This  phenomenon  necessarily  can  only  be  accounted  for  on  the 
supposition  that  the  Sun  rotates  on  its  axis;  and  observations 
specially  conducted  with  that  object  in  view  will  give  the  period 
of  this  rotation,  which  Laugier  fixed  at  25*  8*"  10™ — a  result 
fairly  of  accord  with  Bianchini's  of  25''7^48'",  deduced  in  181 7, 
when  the  difficulties  attending  the  observations  due  to  the  ever- 
varying  forms  of  the  spots  are  taken  into  consideration.  The 
entire  period  required  by  a  spot  to  make  a  whole  visual  rotation 
(27**  7**)  is  greater  than  that  of  the  Sun's  actual  rotation,  owing 
to  the  Earth's  progressive  movement  in  its  orbit. 

On  February  19,  1800,  Sir  W.  Herschel  states  that  he  was 
watching  a  group,  but  that  on  looking  away  even  for  a  moment,  it 
could  not  be  found  again  1.     The  same  observer  followed  a  spot, 

'    Phil.  Trans.,  vol.  xci.  p.  293.     1801. 
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in  1779^  for  six  months;  and^  in  1840  and  1841^  Schwabe  ob- 
served one  and  the  same  group  to  return  eighteen  times^  though 
not  consecutively™.  In  July  August  and  September  1859,  a 
large  group  was  followed  through  several  apparitions^  and  another 
very  noticeable  instance  of  the  kind  occurred  in  the  autumn  of 
1865.  Similar  cases  are  by  no  means  very  rare.  It  has  been 
surmised^  and  Sir  J.  Herschel  thought  ^'  with  considerable  apparent 
probability/^  that  some  spots  at  least  are  generated  again  and 
again^  at  distant  intervals  of  time^  over  the  same  identical  points 
of  the  Sun's  body.  There  does  not  appear  to  be  much  evidence 
to  bear  out  this  hypothesis  ^,  and  the  fact  now  recognised^  that 
proper  motion  exists  with  some  of  them^  is  of  course  directly 
counter  to  it.  The  Rev.  T.  W.  Webb  says : — "  Fritsch  has 
stated  that  he  has  seen  one  stand  nearly  still  for  three  days ;  and 
Lowe  has  even  witnessed  retrogradation — assertions  which  may 
involve  a  suspicion  of  mistake.  Schroter  and  others  have  ascribed 
a  more  moderate  locomotion.  This  was  micrometrically  established 
by  Challis  in  1857;  and  Carringfton  has  recently  made  known 
his  very  interesting  discovery,  that  there  appear  to  be  currents 
in  the  photosphere  drifting  the  equatorial  spots  forward  in  com- 
parison with  those  having  considerable  latitude,  with  lateral 
deviations  of  smaller  amount.  With  these  shifting  landmarks, 
it  is  not  surprising  that  the  Sun's  period  of  rotation  is  still 
doubtful,  though  Laugier's  value  cannot  be  far  wrong.  Relative 
displacement  in  groups  would  be  an  interesting  study,  requiring 
neither  micrometer  nor  clock,  only  careful  drawing.  Several 
observers  have  found  that  spots  near  the  limb  require  a  different 
focus  from  those  near  the  centre;  this  is,  no  doubt,  as  Dawes 
says,  an  optical  deception''.'' 

The  varying  position  of  the  Earth  with  reference  to  the  Sun, 
combined  with  the  inclination  of  the  axis  of  the  latter  to  the 
plane  of  the  ecliptic  (amounting  to  82°  41'  according  to  De 
Lambre;  to  83°  g  according  to  Petersen  P),  gives  rise  to  the  fact 

"»  Ast.  Nack.,  No.  418.  p  The  longitude  of  the  ascending  node 

»  Sir  John  appears  now  to  recant.    In  for  1850  is  73°  40' ;  so  that  the  North  pole 

hia  able  Memoir  in  the  Qiuirt.  Jour,  Sc,  of  the  Sun's  axis  points  nearly  to  «■  Dra- 

for   April    1 864  he    says    exactly     tlie  conis,  and  the  South  one  to  a  Trianguli 

opposite.  Australis. 

°  Celest.  Ohjeets,  p.  -28. 
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that  at  no  two  periods  of  the  year  do  the  spots  appear  to  traverse  the 
Sun^s  disc  exactly  in  the  same  way.  About  June  6  and  December  8 
the  Earth  is  in  the  line  of  nodes  of  the  spots — or^  in  other  words> 
its  longitude,  as  seen  from  the  Sun,  corresponds  nearly  with  the 
points  of  intersection  of  the  solar  equator  and  the  ecliptic — and 
the  paths  of  the  spots  are  then  inclined  straight  lines.  In  March 
the  South  pole  is  most  turned  towards  us,  and  the  tracks  are 
concave  towards  the  South;  in  September  the  conditions  are 
precisely  reversed  in  every  respect;  at  intermediate  periods  the 
paths  are  both  inclined  and  curved  at  the  same  time. 

If  we  represent  the  luminous  surface  of  the  Sun,  when  the  Earth 
is  at  its  mean  distance,  by  looo,  the  numbers  940  and  1072  will 
represent  the  same  surface  as  it  appears  to  us  when  the  Earth  is 
in  Aphelion  (July)  and  in  Perihelion  (January)  respectively. 

Individual  spots  also  possess  many  personal  peculiarities.  Dawes 
observed  one  on  January  17,  1852,  which,  by  the  23rd  of  that 
month,  had  rotated  in  its  own  plane  through  90°.  Birt  believes 
the  same  thing  happened  with  a  spot  he  scrutinised  in  February 
and  March  1859^.  Schwabe  has  seen  occasionally  spots  of  a 
reddish-brown  colour,  under  circumstances  of  contrast  precluding 
the  possibility  of  deception ;  on  one  occasion  three  telescopes  and 
several  bystanders  certified  to  this.  In  1826  Capocci  perceived 
a  violent  haze  issuing  from  each  side  of  the  bright  central  streak  of 
a  great  double  nucleus;  and  during  the  eclipse  of  March  15,  1858, 
Secchi  saw  a  rose-coloured  promontory  in  a  spot  visible  to  the 
naked  eye.  Schwabe  describes  the  penumbrsB  as  made  up  of  a 
multitude  of  black  dots,  usually  radiating  in  straight  lines  from 
the  nucleus;  Secchi,  with  superior  optical  power,  defines  these 
radiations  to  be  alternate  streaks  of  the  bright  light  of  the  disc 
and  the  dark  ground  of  the  nucleus '. 

Some  of  these  spots  are  of  prodigious  size,  and  are  therefore 
visible  to  the  naked  eye.  A  few  recent  instances  are  here  given. 
A  spot  measured  by  Pastorff  on  May  24,  1828,  was  computed  to 
have  an  area  about  four  times  the  entire  surface  of  the  Earth.     In 

1  Month.   Not.   R.A.S.;  vol.  xix.  p.  gives  no  references,  so  I  am  unable  to 

184.  verify  them.    In  the  concluding  sentence 

*'  The  preceding  facts  are  given  on  the  (concerning  Secchi)  there  seems  to   be 

authority  of  Webb,  Cd.  Obj.,  p.  22.    He  some  great  blunder. 
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June  1843  Schwabe  observed  one  a'  47",  or  74,816  miles  in  dia- 
meter. It  was  seen  for  an  entire  week  without  the  aid  of  a  tele- 
scope. On  March  15,  1858,  the  day  of  the  celebrated  eclipse, 
a  spot  haying  a  breadth  from  west  to  east  of  4',  or  107,520  miles^ 
attracted  considerable  attention'.  On  September  30,  in  the  same 
year,  one  having  a  breadth  from  west  to  east  of  5'  21",  or  143,808 
miles,  was  observed  ^  On  January  26,  1859,  and  during  August, 
large  spots  were  seen ;  one  of  the  latter  measured  nearly  58,000 
miles,  according  to  Newall,  who  saw  it  distinctly  as  a  notch  on 
the  edge  of  the  Sun^s  disc,  the  like  of  which  he  only  saw  once 
before — ^namely,  on  Mai'ch  25,  1850". 

''The  origin  of  a  spot,  when  it  can  be  observed,  is  usually 
traceable  to  some  of  those  minute  pores  or  dots  which  stipple  the 
Sun's  surface^  and  which  begin  to  increase,  to  assimie  an  umbral 
blackness,  and  acquire  a  visible  and,  at  first,  very  irregular  and 
changeable  shape.  It  is  not  till  it  has  attained  some  measurable 
size  that  a  penumbra  begins  to  be  formed — a  circumstance  strongly 
favouring  the  origination  of  the  spot  in  a  disturbance  from  below, 
upward;  vice  versd,  as  the  spots  decay  they  become  bridged 
across,  the  umbne  divide,  diminish  in  size,  and  close  up,  leaving 
the  penumbrae,  which,  by  degrees,  also  contract  and  disappear.  The 
evanescence  of  a  spot  is  usually  more  gradual  than  its  formation. 
According  to  Professor  Peters  and  Mr.  Carrington,  neighbouring 
groups  of  spots  shew  a  tendency  to  recede  from  one  another  *.'' 

The  most  indifferent  observer  can  hardly  fail  to  be  struck  with 
the  rapidity  of  the  changes  which  take  place  in  solar  spots. 
Dr.  Wollaston  says  : — "  Once  I  saw,  with  a  1 2-inch  reflector,  a 
spot  burst  to  pieces  while  I  was  looking  at  it.  I  could  not 
expect  such  an  event,  and  therefore  cannot  be  certain  of  the 
exact  particulars;  but  the  appearance,  as  it  struck  me  at  the 
time,  was  like  that  of  a  piece  of  ice  when  dashed  on  a  frozen 
j)ond,  which  breaks  in  pieces,  and  slides  on  the  surface  in  various 

»  Month.  Not.  R.  A.S.,  vol.  xviii.  p.  193,  are  rare,  but  they  are  recorded  by  La  Hire, 

and  elsewhere.  1703  ;  Cassini,  1719  ;  J.  Herschel,  1800  ; 

*  Ast.  Nach.,  No.  1182.  Dollond  and  others,  1846 ;  Lowe,  1849." 

"  Letter  in  the  Times,  Aug.  27,  1859.  — Webb,  Cel.  Ohj.,  p.  24. 

**  A  depression  on  a  globe  will  disappear  »  Sir  J.  Herschel,  in  Quart.  Joum.  Sc. 

in   pro61e  unless  its  breadth  and  depth  April  1864,  p.  115. 

are  considerable  :  hence  such  observations 
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directions.  I  was  then  a  very  young  astronomer^  but  I  think  I 
may  be  sure  of  the  fact/^  Their  immense  number  is  likewise 
very  noticeable.  On  April  26,  1846,  Schmidt  of  Bonn  counted 
upwards  of  200  single  spots  and  points  in  one  of  the  large  groups 
then  visible^  and  180  in  another  cluster^  in  August  1845.  ^^ 
August  23,  1 86 1, 1  counted  70  distinct  spots  with  a  telescope  of 
only  three  inches  aperture  charged  with  a  power  of  21.  Schwabe 
finds  that  the  western  members  of  a  group  disappear  firsts  and 
that  at  the  eastern  end  fresh  ones  are  apt  to  form^  where  also 
the  junior  members  are  most  numerous;  that  the  small  points 
are  usually  arranged  in  pairs  (much  after  the  appearance  of  the 
"dumb-beir'  nebula);  and  that,  when  near  the  edge  of  the  Sun, 
the  penumbrsB  are  much  brighter  on  the  side  next  the  limb. 
Sir  J.  Herschel  has  often  noted  the  peuumbrsB  to  be  least  defined 
on  the  preceding  side;  and  Capocci  found  the  principal  spot  of 
a  group  usually  the  leader.  The  same  observer  believed  the  umbrsB 
to  be  better  defined  in  their  increase  than  in  their  decrease.  The 
leader  is  usually  the  most  black,  symmetrical,  and  enduring  of  the 
group,  according  to  Chacornac. 

Attention  has  now  to  be  directed  to  one  of  the  most  curious 
and  interesting  discoveries  of  modern  astronomy — the  periodicity 
of  the  solar  spots.  The  renowned  Schwabe,  of  Dessau,  is  the  hero 
of  this.  He  shall  be  introduced  to  the  reader  by  a  repetition  of 
the  words  of  the  late  Radcliffe  Observer,  when,  as  President  of 
the  Royal  Astronomical  Society,  he  spoke  on  the  award  to  him  of 
the  Society's  Gold  Medal  in  1857: — "What  the  Council  wish 
most  emphatically  to  express  is  their  admiration  of  the  indomitable 
zeal  and  untiring  energy  which  he  has  displayed  in  bringing 
that  research  to  a  successful  issue.  Twelve  years,  as  I  have  said, 
he  spent  to  satisfy  himself;  six  more  years  to  satisfy,  and  still 
thirteen  more  to  convince,  mankind.  For  thirty  years  never  has 
the  Sun  exhibited  his  disc  above  the  horizon  of  Dessau  without 
being  confronted  by  Schwabe's  imperturbable  telescope,  and  that 
appears  to  have  happened,  on  an  average,  about  300  days  a  year. 
So,  supposing  that  he  observed  but  once  a  day,  he  has  made  9000 
observations,  in  the  course  of  which  he  discovered  4700  groups. 
This  is,  I  believe,  an  instance  of  devote<l  persistence  (if  the  word 
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were  not  eqaivocal^  I  should  eaj  pertinacity)  unsurpassed  in  the 
annals  of  astronomy.  The  energy  of  one  man  has  revealed  a 
phenomenon  that  had  eluded  even  the  suspicion  of  astronomers 
for  aoo  years  ^^ 
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y  Month.  Not.  R.A.S.,  vol.  xvii.  p.  129. 

•  Jbid.,  vol.  xvi.  p.  63.    Continued  to  the  present  time. 
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The  gist  of  this  discovery  is  expressible  in  a  few  words — that 
the  spots  are  subject  to  a  periodical  variation  in  prevalence^  to  the 
amount  of  about  lo  years^  during  which  time  they  pass  habitually 
between  the  extremes  of  a  maximum  and  a  minimum  number.  At 
the  epoch  of  minimum^  on  many  days  absolutely  no  spots  are  to 
be  seen ;  and  it  has  been  pointed  out  by  Sir  J.  Herschel  that  the 
epoch  of  maximum  does  not  appear  to  fall  exactly  in  the  middle 
year  of  the  period,  but  rather  earlier  ». 

A  remarkable  discovery  has  grown  out  of  Schwabe's — namely, 
that  the  diurnal  variation  in  the  amount  of  the  declination  of 
the  magnetic  needle  is  characterised  by  a  lo-yearly  period,  and 
(this  is  the  singular  circumstance)  that  the  epoch  of  maximum 
variation  corresponds  to  the  epoch  of  the  maximum  prevalence  of 
spots  on  the  Sun,  and  vice  verady  minimum  to  minimum. 
Lamont  of  Munich  announced  the  fact  of  the  period  about  1850, 
and  General  Sabine  the  fact  of  the  coincidence  in  March  1852  b, 
Grautier  and  Wolf  making  the  same  deduction  independently  of 
Sabine  and  of  each  other.  The  results  from  1826-31  are  from 
Arago*^;  those  from  1835-40  from  the  Gottingen  observations; 
and  the  remainder  are  by  Lamont  himself,  as  obtained  at  Munich. 
He  adds  that  the  observations  of  Colonel  Beaufoy,  1813-20,  and 
the  still  earlier  ones  of  Gilpin  and  Cassini,  indicate  a  similar 
cycle.  Two  other  curious  discoveries  have  arisen  in  close  con- 
nexion with  the  foregoing,  and  it  is  now  accepted  that  aurorse  and 
magnetic  earth-currents  (currents  of  electricity  which  frequently 
traverse  the  surface  of  our  globe,  and  interfere  with  telegraphic 
operations)  likewise  have  a  lo-y early  period,  and  that  their  maxima 
and  minima  are  contemporaneous  with  those  of  the  two  phenomena 
dealt  with  above ;  "  so  that,''  in  the  words  of  Balfour  Stewart, 
"a  bond  of  union  exists  between  these  four  phenomena.  The 
question  next  arises.  What  is  the  nature  of  this  bond  ?  Now,  with 
respect  to  that  which  connects  Sun-spots  with  magnetic  disturb- 
ances, we  can  as  yet  form  no  conjecture ;  but  we  may,  perhaps, 
venture  an  opinion  regarding  the  nature  of  that  which  connects 
together  magnetic    disturbances,   aurorse,    and    earth-currents  ^.'^ 

*  Outlines  of  Ast.,  p.  253.  •*  Proceetfinga  of  the  Ro^,  InU.,  voL  iv. 

»>  Phil.  Trans.  p.  58.     1863. 

**  Pop.  A$t.f  vol.  i.  p.  468,  Eng.  ed. 
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The  furtber  elncidation  of  this,  however^  is  foreign  to  the  province 
of  astronomy;  but  Stewart  refers  to^  and  is  inclined  to  adopts  the 
hypothesis  that  the  ''  red  flames''  seen  in  total  eclipses  of  the  Sun 
are  merely  manifestations  of  what  may  be  termed  solar  aurorae. 

I  may  here  take  occasion  to  advert  to  a  very  remarkable  phe- 
nomenon seen  on  September  i^  1859^  by  two  English  observers 
whilst  engaged  in  scrutinising  the  Sun.  A  very  fine  group  of 
spots  was  visible  at  the  time^  and  suddenly^  at  11^  18™^  two 
patches  of  intensely  bright  white  light  were  seen  to  break  out  in 
front  of  the  spots.  It  was  at  first  thought  to  be  due  to  a  fracture 
of  the  screen  attached  to  the  object-glass  of  the  telescope^  but  such 
was  not  the  case.  The  patches  of  light  were  evidently  connected 
with  the  Sun  itself;  they  remained  visible  for  about  5  minutes, 
daring  which  time  they  traversed  a  space  of  about  33,700  miles. 
The  brilliancy  of  the  light  was  dazzling  in  the  extreme ;  but  the 
most  noteworthy  circumstance  was  the  marked  disturbance  which 
(as  was  afterwards  found)  took  place  in  the  magnetic  instruments 
at  the  Kew  Observatory  simultaneously  with  the  appearance  in 
question,  followed  in  about  16  hours  by  a  great  magnetic  storm®. 

Wolf  has  tabulated  all  the  spot-observations  he  could  collect.  These 
date  from  1611,  but  do  not  assume  reasonable  regularity  till  1749. 
His  deductions  are  in  accord  with  Schwabe's,  except  that  he  prefers 
a  period  of  ii'ii^,  and  he  considers  himself  warranted  in  asserting 
this  law :  '*  Greater  activity  in  the  Sun  goes  with  shorter  periods, 
and  less  with  longer  periods  -,"  and  further,  that  there  is  founda- 
tion for  the  opinion  that  solar  spots  and  variable  stars  arise  from 
similar  agencies'.  Generally  speaking,  there  appears  a  tendency 
with  maxima  to  anticipate  the  middle  time  between  the  consecu- 
tive minima,  the  interval  ii'ii  being  divided  into  two  unequal 
sub-intervals  of  4*77^  and  6'34y.  Besides  the  ii-iy-period  Wolf 
finds  another  period  five  times  as  long;  in  other  words,  that  the 
activity  of  the  Sun  goes  through  a  further  series  of  changes  every 
56  years,  and  likewise  that  in  adjacent  or  nearly  adjacent  11 -year 

•  Carrington  and  Hodgson.  J/ow///.iVo^  85,  is  a  memorandum  by  Wolf  about  a 

K.A.S.y  vol.  XX.  p.  13-16.     See  also  an  conjecture  of  his,  that  variations  of  8i)ot- 

account  of  a  similar  phenomenon  seen  by  fre<juency  depend  on  the   influences   of 

Brodie,  in  vol.  xxv.  p.  21.  the  planets  Venus,  Earth,  Jupiter,  and 

'  In  Month.  Not.  R.A.S.,  vol.  xix.  p.  Saturn. 
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periods  of  unequal  lengthy  a  greater  activity  during  the  shorter 
tends  to  compensate^  in  the  total  number  of  spots  produced^  for  a 
less  energy  in  the  longer.  The  earlier  observations  are  necessarily 
very  imperfect «.  'YV-'« 

The  ii'iiy-period  is  becoming  nmerred  to  the  lo-year  one: 
even  Schwabe  assents  to  it^  and  Hamsteen  has^  in  Challis's  opinion^ 
established  it  for  the  magnetic  declination. 

The  examination  by  Fritsch  of  a  numerous  assemblage  of  auroral 
observations  enables  him  to  extend  to  them  also  the  56-year 
period^  as  preferable  to  the  65-year  period  proposed  by  Olmsted^ 
without  any  reference  to  the  solar  spots. 

Sir  W.  Herschelj  considering  that  the  prevalence  of  large  masses 
of  spots  on  the  Sun's  disc  was  an  indication  that  probably  violent 
chemical  action  (with  the  extrication  of  an  unusual  amount  of  light 
and  heat)  was  going  on^  was  led  to  think  that  years  of  abundant  spots 
would  also  be  noted  for  high  temperatures  and  good  harvests^  and 
of  few  spots  for  low  temperatures  and  bad  harvests  ^.  Wolf,  from 
an  examination  of  the  chronicles  of  Zurich  from  1000  to  1800  A.D., 
finds  decisive  evidence  ''that  years  rich  in  solar  spots  are  in 
general  drier  and  more  fruitful  than  those  of  an  opposite  character, 
while  the  latter  are  wetter  and  stormier  than  the  former'.'' 
Oautier^  from  a  discussion  of  6%  sets  of  observations,  extending 
over  II  years,  and  taken  at  various  places  in  Europe  and 
America,  has  arrived  at  exactly  the  opposite  conclusion  ^.  What 
two  years  could  be  more  dissimilar  than  1859  ^^^  i860,  both 
celebrated  for  profuse  displays  of  spots — ^the  latter,  in  fact,  a 
maximum?  A  note  of  Arago's  is  therefore  highly  appropriate 
here :  ''  In  these  matters  we  must  be  careM  not  to  generalise 
until  we  have  amassed  a  large  number  of  observations." 

Another  supposed  coincidence  has  now  to  be  adverted  to.  By 
carefully  examining  Schwabe's  observations.  Wolf  thinks  he  has 
detected  the  existence  of  minor  periods  of  spot-prevalence,  de- 
pending in  some  way  on  the  periods  of  the  Earth  and  Venus 
in  their  orbits.     ''Thus  he  finds  a  perceptibly  greater  degree  of 

*  Mem.  SocPhU^de  Berne,  1851.  The  *    Op.  ck. 

Table  for  1749-1860  is  given  in  Month,  ^  Bibl.  Univ.  de  Oenive,  vol.  li.  p.  56. 

Not.  R.A.S.,  vol.  xxi.  p.  77.  1844. 

*»  Phil.  Trans.,  vol.  xci.  p.  316.     1801. 
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apparent  activity  to  prevail  annually  on  the  average  of  months  of 
September  to  January  tban  in  the  other  months  of  the  year;  and 
again,  by  projecting  all  the  results  in  a  continuous  curve,  he  finds 
in  it  a  aeries  of  small  undulations  succeeding  each  other  at  an 
average  interval  of  7*65  months,  or  0*637  of  a  year.  Now  the 
periodic  time  of  Venus  (225^)  reduced  to  a  fraction  of  the  year  is 
0*616,  a  coincidence  certainly  near  enough  to  warrant  some  con- 
giderable  suspicion  of  a  physical  connexion '."  It  is  proper  to  state 
that  Wolf  does  not  appear  to  have  made  any  use  of  Schwabe's 
observations  taken  subsequent  to  1848  ™, 

Bespecting  the  physical  nature  of  the  spots  much  uncertainty 
exists.  The  generally  received  opinion,  however,  is  that  first 
enunciated  by  Professor  Wilson  of  Glasgow,  as  modified  by  Sir  W. 
Herschel — namely,  that  the  Sun  is  surrounded  by  two  atmospheres, 
of  which  the  upper  one  is  luminous  (thence  usually  termed,  after 


Crahub  op  Foum  ih  Spots  owinq  to  tbb  Sun's  Rotation. 
Schroter,  the p&oloipAere),  and  the  under  one,  nearest  to  the  Sun's 
surface,  is  non-luminous,  and  that  the  spots  are  rents  or  apertures 
in  these  atmospheres  through  which  we  see  the  solid  body  of  the 
SuD,  otherwise  known  to  us  as  the  nucleus  of  the  spots.     This  idea 
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is  supported  by  the  fact  that,  when  near  either  limb,  the  spots 
are  narrower  (fore-shortened)  than  when  seen  directly  in  the 
centre  of  the  disc.  The  lower  stratum  is  assimied  to  receive  some 
illumination  from  the  photosphere,  and  thus  to  appear  penumbral: 
to  occupy,  in  the  matter  of  luminosity,  a  medium  position  be- 
tween the  photosphere  reflecting  much  light,  and  the  solid  matter 
reflecting  little,  or,  perhaps,  none  at  all.  The  temporary  removal 
of  both  the  strata,  but  more  of  the  upper  than  of  the  lower,  he 
conceives  to  be  effected  by  powerful  upward  atmospheric  currents, 
origin  unknown".  Above  these  atmospheres  it  is  strongly  believed 
that  a  thin  and  gaseous  envelope  exists,  more  nearly  akin  to  what 
we  understand  by  the  word '  atmosphere^  as  applied  to  the  envelope 
which  surrounds  the  Earth;  and  this  supposition  finds  confirma- 
tion in  the  fact  that  the  margin  of  the  Sun's  disc  is  in  general 
less  luminous  than  the  centre — a  very  obvious  result  on  this 
hypothesis.  Laplace  gives  the  ratio  at  30  to  48;  Arago  at  40 
to  41.  The  latter  figures  very  greatly  underrate  the  inequality. 
Secchi,  taking  the  centre  at  i,  says  that  the  margin  is  only  Y^ 
or  i***  as  bright,  but  this  is  the  other  extreme.  He  adds  that  he 
was  impeded  in  his  investigations  by  a  ruddiness  in  the  light  near 
the  limb  of  the  Sun.  Representing  the  general  brightness  of  the 
Sun's  disc  by  1000,  according  to  Sir  W.  Herschel  that  of  the 
penumbrse  is  469  and  of  the  nuclei  only  7. 

The  chemical  rays  given  out  by  different  parts  of  the  surface 
of  the  Sun  are  also  of  unequal  power,  but,  unlike  the  rays  of 
light,  they  do  not  vary  regularly  from  centre  to  edge.  As  regards 
the  rays  of  heat,  these  likewise  are  radiated  more  from  the  centre 
than  from  the  edges.  The  Polar  regions,  too,  are  colder  than 
the  equatorial,  and  Secchi  has  shewn  that  the  heat  radiated  from 
the  spots  is  less  than  from  the  disc  generally.  Sir  J.  Herschel 
believes  one  hemisphere  to  be  hotter  than  the  other.  That  the 
luminous  envelope  of  the  Sun  is  an  incandescent  gas,  Arago's 
Polariscope  experiment  is  held  to  prove. 

Spots  on  the  Sun  seem  to  have  been  discovered  by  J.  Fabricius 
and  Galileo,  independently,  early  in   161 1,  and  by  Harriot,  also 

°  In  Lardner's  Handbook  of  Ast.,  p.  169  et  $eq.f  these  speculative  subjects  are  dis- 
cussed at  considerable  length  and  witn  much  perspicuity. 
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independentljj  in  December  of  the  same  year.  It  will  readily  be 
understood  that  the  observation  of  them  was  one  of  the  first  dis- 
coveries resulting  fix)m  the  invention  of  the  telescope,  though  it  is 
not  improbable  that  they  were  seen  before  that  time.  Adelmus^  a 
Benedictine  monk^  makes  mention  of  a  black  spot  being  seen  on 
the  Sun  on  March  17,  807  ^.  It  is  also  stated  that  a  similar  spot 
was  seen  by  a  Spanish  Moor  named  Averroes,  in  the  year  1161  p. 
An  instance  of  a  solar  spot  is  recorded  by  Hakluyt.  He  says,  that 
in  December  1590,  the  good  ship  '^  Richard  of  Arundell  '^  was  on 
a  voyage  to  the  coast  of  Guinea,  and  that  her  log  states  that  "  on 
tbe  7  at  the  going  downe  of  the  sunne,  we  saw  a  great  blacke 
spot  in  the  sunne,  and  the  8  day,  both  at  rising  and  setting,  we 
saw  the  like,  which  spot  to  our  seeming  was  about  the  bignesse  of 
a  shilling,  being  in  5  degrees  of  latitude,  and  still  there  came  a 
great  billow  out  of  the  southerboard  ^.^^  The  spot  was  also  seen 
on  the  1 6th. 

The  natural  purity  of  the  Sun  seems  to  have  been  an  article  of 
faith  with  the  ancients,  on  no  account  to  be  called  in  question; 
80  that  we  find  that  when  Scheiner  (who  was  a  Jesuit  at  Ingolstadt) 
reported  what  he  had  seen  to  his  superior  the  idea  was  treated 
as  a  delusion.  '^  I  have  read,^^  replied  the  superior,  "  Aristotle's 
writings  from  end  to  end  many  times,  and  I  can  assure  you  that 
I  have  nowhere  found  anything  in  them  similar  to  what  you 
mention.  Go,  my  son,  tranquillize  yourself;  be  assured  that 
what  you  take  for  spots  in  the  Sun  are  the  fault  of  the  glasses  or 
of  your  own  eyes.''  Scheiner  in  the  end,  though  permitted  to 
publish  his  opinions ',  was  obliged  to  do  so  anonymously,  so  great 
were  the  difficulties  with  which  he  had  to  contend  in  consequence 
of  his  peculiar  position  as  a  creature  of  the  Church  of  Rome. 

In  addition  to  the  spots,  streaks  of  light  may  frequently  be 
remarked  upon  the  surface  of  the  Sun  towards  the  equatorial 
margin  of  the  disc.     These  are  termed  faculce  *,  and  are  generally 

*>  Bede  ;  Polydore  Virgil.  enormous  book,  Delambre  says  :  *'  Tliere 

P  Commentary  on  the  Ahnagest,  quoted  are  few  books  so  diffuse  and  so  void  of  facts. 

by  Copernicus,  De  Revol.  Orb.  Cel.,  lib.  x.  It  contains  784  pages ;  there  is  not  matter 

1  The  Principal  Narlgntions^  Voiages,  in  it  for  50  pages." — JIist.A!<t.Mml.,\o\.i. 

TraffiqueSf  and  Discoacries  of  the  English  p.  690.     Either  printing  nmst  have  been 

Nation^tdc.y  vol.  ii.  p.  131.    London,  1599.  cheap  or  authors  very  rich  in  those  days. 

'  Jlosa  Urtinaj  <tc.     Alluding  to  this  •  Latin /acw /a,  a  torch. 
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foand  near  the  spots,  or  where  the  spots  hare  prerionslf  existed 
or  afterwards  appeared,  and  when  near  the  limb  of  the  Sun  are 
more  or  leas  paraUel  to  it.  Thej  are  of  irTegolar  form,  and  may  be 
likened  somewhat  to  certain  kinds  of  ooral,  and  are  more  Innunous 
than  the  solar  surface  surrounding  them.  Secchi  considers  that 
Y-^f.  g.  they  are  not  brighter  than  the  centre  of 

the  Sun.  Thej  are  elerations  or  ridges 
in  the  photosphere,  as  is  proved  by 
Dawes  having  seen  one  projei;t  above 
the  limb  in  turning  the  (apparent) 
comer  into  the  iuvisihle  hemisphere'. 
Sir  W.  Herschel  saw  a  facula  on  Dis 
cember  37,  1799,  a'  46"  or  74,368 
miles  long".  They  are  first  alluded 
t  Facclab  to  by  GalUeo  in  his  third  letter  t« 
u  Su».  Welser*. 
The  surface  of  the  Sun  is  frequently  found  to  be  covered  with 
irregular  specks  of  light,  presenting  a  mottled  appearance  not 
unlike  that  of  the  skin  of  an  orange,  but  relatively  much  less 
coarse.  This  phenomenon  prevails  most  in  the  regions  to  which 
the  spots  belong,  but  its  cause  is  unknown.  Short,  the  optician, 
seems  to  have  first  noticed  it  during  the  eclipse  of  July  14, 
1748  (0.  8.).  The  term  luculi'  has  been  applied  to  the  constituent 
specks. 

Of  late  years  the  Sun  has  received  an  unusual  amount  of 
attention  from  astronomers,  and  a  variety  of  interesting  facts 
have  been  brought  to  light  concerning  ita  pfaydcal  appearance. 
In  i860  Mr.  Nasmyth  with  his  great  reflector  (alluded  to  in  a 
later  Book)  ascertained,  it  would  seem  for  the  first  time,  that 
the  Sun's  surface  is  covered  with  a  tolerably  compact  agglomera- 
tion of  entities,  which  he  likened  to  willow  leave* ;  that  ia  to  say, 
they  presented  to  his  eye  an  appearance  similar  to  that  which 
a  rather  thin  but  flattened  layer  of  willow  leaves  might  be  ex- 
pected to  present. 

'  MtmiA.  Not.  R.A.S.,  vol.  ix.  p.  $6.  "  PJU.  Tram.,  vol.  id,  p.  193.    1801. 

•  Iiloria  t  Dimcttraxiotii  iiitono  tdle  '  Lfttin  lueultu,  »  little  light. 

iVimUc  Sotari,  p.  1.11.     Rome,  l6i]. 
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Afl  a  ratlier  acrimonions  costroversy  has  arisen  in  regard  to  this 
alleged  discoveryj  I  think  it  right  to  lay  before  the  reader,  in  limine, 
Mr.  Naemyth'B  own  statement  on  the  subject,  almost  unabridged. 

Fig  9- 


ii.      INatniyfA.) 


"  In  order  to  obbun  n  mtiiifactoT?  view  of  tbcse  remnrkahlc  ohjcclH,  it  in  not  nnlj 
reiiuixile  to  cmploj  a  t«leiicnpe  nf  very  conflUlenble  ]>owvr  and  perfectimi  uF  deflniii); 
capability,  bat  also  tn  iiiuke  tlio  olwervation  nt  a  time  when  the  ntmoaphore  in  nearly 
quito  tranquil,  nni!  free  Iroin  thiMe  vibmtionB  which  RO  frc<\uuiitly  intcipoHo  nimt 
proTuking  ititomiptionH  tr>  the  effortii  of  the  obnarver :  vithnut  mich  cnnditiiinK  an  I 
allude  to,  it  is  hupeleHs  to  catch  even  a  gliinime  of  thene  remarkable  and  <leli(»te 
(letwla  of  the  solar  surface. 

"The  GLuQcntn  in  question  arc  seen,  and  appear  well  ilclincd.  at  the  ed^^es  of  the 
Inminmu  surface  where  it  ovorhangfi  'the  pcnnnihm,'  as  alnn  in  the  delaiU  <if  the 
ponumhra  itself,  and  most  enpcclally  arc  they  neen  clearly  ilotincrl  in  the  details  of 
'  the  bridges,'  u  I  term  those  bright  streaks  which  are  so  freijiiently  seen  strt-tching 
across  from  side  to  sitle  over  tlic  ilark  part  of  the  spot.  So  far  as  I  have  as  yet  hail 
on  opportunity  of  estimating  their  actual  mngnituile,  their  average  length  ap|ienrs  to 
bo  about  1000  miles,  the  widtli  about  loo. 
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*'  There  appears  no  definite  or  Sjmuneirical  arrangement  in  the  manner  in  which 
they  are  scattered  over  the  surface  of  the  Sun  ;  they  appear  to  be  across  each  other 
in  all  possible  variety  of  directions.  The  thickness  of  the  ktyer  does  not  appear  to  be 
very  deep,  as  I  can  see  down  through  the  interstices  which  are  left  here  and  there 
between  them,  and  through  which  the  dark  or  penumbral  stratum  is  rendered  visible. 
It  is  the  occurrence  of  the  infinite  number  of  these  interstices,  and  the  consequent 
visibility  of  a  corrcHjionding  portion  of  the  dark  or  penumbral  stratum,  that  gives  to 
the  general  solar  surface  that  peculiar  and  well-known  mottled  appearance  which  has 
for  a  long  time  been  &miliar  to  the  observers  of  the  Sun. 

**  When  a  solar  spot  is  mending  up,  as  was  the  case  with  the  one  represented, 
these  luminous  filaments  or  willow-leaf-shaped  objects  (as  I  term  them)  are  seen  to 
pass  from  the  edges  and  extend  across  the  spots,  thus  forming  'the  bridges/  or 
bright  streaks  across  the  spots ;  if  these  are  carefully  observed  under  favourable 
conditions,  the  actual  form  of  these  remarkable  details,  of  which  *  the  bridges*  are 
composed,  will  be  revealed  to  sight. 

**  Subsequent  observations  and  considerations  of  the  subject  have  not  caused  me 
to  desire  to  modify  or  alter  the  description  in  the  letter  above  referred  to  * ;  but  only 
to  confirm  me  in  its  general  correctness.  I  have  no  desire  to  embark  in  any 
controversy  on  the  subject,  as  I  prefer  to  leave  to  the  Sun  itself  when  carefully 
observed  by  adequate  means  and  on  fiivourable  occasions,  the  complete  confirmation 
of  what  I  claim  to  be  the  first  to  discover,  delineate,  and  accurately  describe  in 
reference  to  the  structure  of  his  entire  luminous  surface,  as  well  as  the  precise  form 
of  the  structural  details,  which,  from  their  general  similitude  in  respect  to  form,  I  at 
once  compared  with  willow  leaves  *." 

Mr.  Nasmyth^s  views  were  very  mueli  canvaBsed  for  a  long  time 
after  they  were  promulgated,  and  it  cannot  be  said  that  the  contro- 
versy is  yet  over.  Several  eminent  observers  of  unquestioned  good 
faith,  and  possessed  of  first-class  instruments  and  great  experience, 
declared  the  alleged  conformation  of  the  solar  surface  a  myth, 
whilst  others,  equally  entitled  to  be  heard  with  respect,  avouched 
their  belief  in  the  reality  of  the  discovery.  I  do  not  intend  to  pass 
in  review  the  whole  question,  as  such  a  step  would  make  a  demand 
on  my  space  which  it  would  be  unreasonable  in  a  work  like  the 
present  to  attem]>t  to  supply.  I  may  be  permitted,  however,  to 
say  that  the  affirmative  testimony  of  one  man  that  he  did  see  a 
certain  thing  is,  ceteris paribm,  of  greater  value  than  the  negative  tes- 
timony of  two  that  they  did  not,  and  I  believe  it  to  be  an  impartial 
summing  up  of  the  whole  case  pro  and  con  to  say  that  there  is  a  very 
general  agreement  that  innumerable  detached  (?)  masses  of  unknown 
nature  are  scattered   over   the  Sun^s  surface,   and  that  whether 

«  Month.  Not.  R  A.8.,  vol.  xxiv.  p.  66.       himself,  with  a  brief  supplementary  note 
■  The  preceiling  paragraphs  are  taken       appended, 
from  a  letter  reproduced  by   Nasmyth 
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"  wniow  leaves/' "  rice  gr&ita,"  "  granulations,"  or  "  shingle  beach," 
be  emplf^ed  to  deeignate  them,  is  rather  a  matter  of  taste  than 


SvH,  Januabt  ao,  1865,    {Stccki.) 


evidence  of  substantial  variance.  Further,  that  in  the  main  they 
do  piui^ikc  of  an  elliptic  outline,  and  that  tlic  average  ratio  of  the 
axes,  whether  it  be  io  to  ] ,  as  Naemy  th  first  hud  it,  or  4, 5,  or  2  to  i,  as 
other  observers  have  since  stated  if,  is,  after  all,  the  main  point 
concerning  which  issue  is  joined,  and  even  here  apparent  dis- 
crepancies might  be  ascribable  to  actual  physical  change  in  the 
bodies  themselves. 

A  very  valuable  synopsis  of  the  question  was  presented  to  the 
Soyal  Astronomical  Society  in  May  1866  by  Mr.  W.  Huggins. 
The  following  is  a  brief  summary  of  its  contents  : — 

1.  GranHle  is  the  best  word  to  describe  the  luminous  particles 
on  the  Sun's  surface,  as  no  positive  form  is  thereby  implied. 
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2.  The  grannies  are  seen  all  over  the  Sun,  inclnding  (occa- 
sionally]  the  sur&ces  of  ambne  and  penamhne.  More  tarely  they 
can  be  detected  in  facnle. 

3.  With  low  powers  "  rice  grains"  is  a  very  suitable  expression 
for  these  grannies,  but  the  r^ularity  implied  in  this  designation 
disappears  to  a  great  extent  under  high  magnifiera.  There  is 
however,  andoabtedly,  a  general  tendency  to  an  oval  contour. 

Fig.  ... 


Ideal  Vikw   of   ihb  "Gbai«qi.ab"   Stbuctuhk  op  tat  Svn.     iHaggitu.') 

4.  The  average  size  of  the  more  compact  granules  is  i",  of  those 
more  elongated  i\",  a  few  might  be  3",  many  lees  than  i". 
They  appear  not  to  be  flat  discs  but  bodies  of  considerable 
thickness. 

5.  The  granules  are  sometimes  packed  together  pretty  closely  in 
groups  of  irregular  and  straggling  outline;   at  other  times  they 
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are  sparsely  scattered.  The  wellknown  ''  mottling''  arises  wholly 
from  the  latter  species  of  combination. 

6.  The  Sun's  surface  is  by  no  means  uniformly  level.  The  whole 
photosphere  appears  corrugated  into  irregular  ridges  and  valcs^  and 
the  granules  are  possibly  masses  of  rather  dense  cloud-like  matter 
floating  about  in  the  photosphere^  considered  as  composed  of  more 
aeriform  matter.  If  the  granules  really  are  incandescent  clouds^ 
their  general  oval  form  may  be  due  to  the  influence  of  currents. 
The  accompanying  figure  [ii]  shews  some  of  the  most  charac- 
teristic modes  of  grouping  of  the  bright  granules  noticed  by 
Mr.  Huggins  on  difierent  occasions  and  on  various  parts  of  the 
Sun's  surface^  brought  together,  however,  in  one  wood-cut  for 
convenience  of  comparison. 

To  the  cloudy  stratum  giving  rise  to  the  penumbras  Petit  assigns 
a  depth  exceeding  4000  miles.  On  the  other  hand  Phillips  con- 
siders 300  miles  a  probable  amount.  Neither  result  is  prima  facie 
of  much  value. 

The  only  other  observation  which  it  appears  necessary  to  cite, 
before  concluding  this  chapter,  is  by  Ballot  of  Utrecht.  He 
thinks  he  has  established,  by  means  of  thcrmomctric  observations 
made  at  Haerlem,  Zwanenbourg,  and  Dantzic,  during  a  great 
number  of  years,  the  fact  that  at  each  period  of  277"*  (that  of 
the  Sun's  visual  axial  rotation)  there  is  in  these  localities  a  small 
elevation  of  temperature,  and  a  depression  at  the  intermediate 
epochs. 

Sir  W.  Herschel  supposed  that  one  of  the  hemispheres  of  the 
Sun  is  by  its  physical  constitution  less  adapted  to  emit  light  and 
heat  than  the  other,  but  the  grounds  of  this  conclusion  are 
not  known. 

Spectrum  analysis  has  taken  a  sudden  start  within  the  last 
two  or  three  years,  chiefly  owing  to  assertions  made  that  it 
enables  us  to  ascertain  something  about  the  physical  constitution 
of  the  Sun.  The  subject  is  too  purely  a  physical  one,  and  also 
in  too  infantine  a  state  to  require  notice  in  these  pages  at  present, 
though  the  time  viay  come. 
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CHAPTER    11. 


THE    PLANETS. 

EpUome  of  the  motion  of  the  Planets. — Charactcrigtics  common  to  them  all. — Kepler  s 
laws, — EUmefUs  of  a  PlaneVs  orbit. — Curious  relation  behoeen  the  distances  and 
the  periods  of  the  Planets. — The  Ellipse.— Popular  illustration  of  the  extent  of 
the  Solar  system. — Bode*s  law. — Miscellaneous  characteristics  of  the  Plunets. — 
Curious  coincidences. — Conjunctions  of  the  Planets. — Conjunctions  recorded  in 
Ilisfory.Statistical  Tables  of  tlie  Major  Planets.— -  Different  systems.— The 

Ptolemaic   system. —  The  Egyptian   system. —  The    Copemican   system The 

Tychonic  system, 

4  ROUND  the  Sun,  as  a  centre,  certain  bodies  called  Planets*  re- 
-^^  volve  at  greater  or  less  distances.  They  may  be  divided  into 
two  groups,  (i)  the  inferior  planets,  or  those  whose  orbits  are  within 
that  of  the  Earth — Vulcan,  Mercury,  and  Venus ;  (2)  the  superior 
planets,  or  those  whose  orbits  are  beyond  that  of  the  Earth — ^Mars, 
the  minor  planets,  Jupiter,  Saturn,  Uranus,  and  Neptune.  If 
viewed  from  the  Sun  all  the  planets  would  appear  to  the  spectator 
to  revolve  round  that  luminary  in  the  order  of  the  zodiacal  signs ; 
such,  however,  cannot  be  the  case  when  the  observation  is  made 
from  one  of  their  number  itself  in  motion,  and  therefore  to  us  on 
the  Earth  the  planets  appear  to  move  in  an  essentially  different 
manner,  and  the  movements  of  the  inferior  and  superior  planets  are 
also  of  a  different  character,  the  one  from  the  other.  The  former 
are  never  seen  in  those  parts  of  the  heavens  which  are  in  oppo- 
sition to  the  Sun ;  in  other  words  they  are  never  on  the  meridian 
at  midnight,  being  always  within  a  short  angular  distance  of  the 
Sun,  to  the  east  or  west.  Twice  in  every  revolution  an  inferior 
planet  is  in  conjtmction  with  the  Sun  [Fig.  12]  ;  in  inferior  con- 

•  irAoi^ri^t,  a  wanderer. 
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Junetian  when  it  comes  between  the  Earth  and  the  Sun^  and  in 
superior  conjunction  when  the  Sun  intervenes  between  the  Earth 
and  the  planet.  When  it  attains  its  greatest  distance  (as  we  see 
it)  from  the  Sun^  east  or  west^  it  is  said  to  be  at  its  greatest 
elangationf  or  in  quadrature,  east  or  west  as  the  case  may  be.  In 
the  former  case  the  planet  is  an  '^  evening  star^^'  in  the  latter 
a  *'  morning  star.'' 

Fig.  12. 
SupeHor  ^  . 


W 


Phases  of  an  Inferior  Planet. 

Although  the  planet  always  truly  moves  in  ihe  order  of  the 
sig^Sj  yet  there  are  periods  when  it  appears  siationart/;  sometimes 
even  its  motion  appears  retrograde  or  reversed.  These  peculiarities 
are  owing  to  the  simultaneous  motion  of  the  Earth  in  its  orbit,  and 
it  will  readily  be  understood  that  they  are  only  apparent  and 
not  real.  They  also  obtain  with  the  superior  planets.  It  some- 
times (though  very  rarely)  happens  that  an  inferior  planet,  when 
in  inferior  conjunction,  passes  directly  between  the  Earth  and  the 
Sun,  and  is  consequently  projected  on  the  disc  of  the  latter,  which 
it  crosses  from  East  to  West:  this  phenomenon  is  termed  a 
transit^ I  the  particular  elucidation  of  it  belongs  to  Book  II. 

A  superior  planet  can  have  any  angular  distance  from  the  Sun 
not  greater  than  i8o°.  After  starting  from  conjunction  with  the 
Sun  it  successively  reaches  its  greatest  western  elongation  at  an 
angular  distance  of  90°,  and  its  opposition  at  180°.     Proceeding 

^  Trann  across,  and  ire  to  go. 
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onwards  it  comes  to  its  greatest  eastern  elongation^  270®  from  the  Sun 
reckoned  in  the  direction  of  its  motion^  but  only  90®  reckoned  in  the 
other  direction.  Another  stage  of  90°  brings  it  again  into  conjunc- 
tion. A  planet  cannot  have  a  greater  angular  distance  from  the  Sun 
than  180^^  because  when  that  is  obtained  it  begins  to  approach  the 
Sun  again  on  the  other  side  for  an  obvious  geometrical  reasoD.  A 
full  demonstrative  account  of  the  motions  of  the  planets  does  not 
fall  within  my  scope^  but  in  the  books  named  in  the  note  will  be 
found  detailed  particulars  °.  The  vocabulary  prefixed  to  this 
volume  will,  however,  suffice  for  the  use  of  the  general  reader 
when  explanation  of  isolated  expressions  only  is  needed. 

The  planets  possess  certain  characteristics  common  to  them  all, 
which  are  thus  enunciated  by  Hind : — 

1.  They  move  in  the  same  invariable  direction  round  the  Sun; 
their  course,  as  viewed  from  tlie  north  side  of  the  ecliptic,  bein^  con^ 
trary  to  the  motion  of  the  hands  of  a  watch. 

2.  They  describe  oval  or  elliptical  paths  round  the  Sun,  not 
however  differing  greatly  from  circles. 

3.  Their  orbits  are  more  or  less  inclined  to  the  ecliptic,  and  inter- 
sect  it  in  two  points,  which  are  the  nodes;  one  half  of  the  orbit  lying 
north,  and  the  other  south  of  the  Earth's  path. 

4.  They  are  opaque  bodies  like  the  Earth  ;  and  shine  by  reflecting 
the  light  they  receive  from  the  Sun. 

5.  They  revolve  upon  their  axes  in  the  same  way  as  the  Earth. 
This  we  know  by  telescopic  observation  to  be  the  case  with  many  planets, 
and,  by  analogy,  the  rule  may  be  extended  to  all.  Hence  they  will 
have  the  alternation  of  day  and  night,  like  the  inhabitants  of  the  Earth; 
but  their  days  are  of  different  lengths  to  our  own. 

6.  Agreeably  to  the  principles  qf  gravitation,  their  velocity  is 
greatest  at  those  parts  of  their  orbit  which  lie  nearest  the  Sun,  and 
least  at  the  opposite  parts  which  are  most  distant  from  it ;  in  other 
words,  they  move  quickest  in  perihelion^,  and  slowest  in  aphelion^. 

^  Sir  J.  Herschel'B  Ovtlinu  of  Att,,  the  case  of  a  comet,  owing  to  the  greater 

p.  301  et  neq. ;  Hind's  Introd.  to  Atft.^  eccentricity  of  cometaiy  orbits :  thus  it 

p.  63  €t  seq.  (very  good) ;  Lardner's  Ad.,  has  been  calculated  that  the  velocity  of 

p.  179  et  8eq.  (also  very  good).  comet  VI.,  1858  (Donati*s)  at  perihelion 

<*  ircpl  round,  and  4}Atot  the  Sun.  is  127,000  miles  per  hour,  but  at  aphe- 

«  Awi  from,  and  fiXios.    The  fact  here  lion  only  480  miles  per  hour. —  (Hind, 

referred  to  is  more  strikingly  manifest  in  Letter  in  the  Time»,  Oct.  25«  1858.) 
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From  a  long  series  of  observations  of  the  planet  Mars,  Kepler 
found  that  certain  definite  laws  might  be  deduced  relative  to  the 
motions  of  the  planets^  which  may  be  thus  summed  up  : — 

1.  Tke  planets  move  in  ellipses ,  having  the  Sun  far  one  of  the 
foci. 

2.  The  planets  describe  equal  areas  of  their  orbits  in  equal  times. 

3.  The  squares  of  the  periodic  times  of  the  planets  are  proportional 
to  the  cubes  of  their  mean  distances. 

These  laws  hold  good  for  all  the  planets  and  all  their  satellites. 
I  have  already  referred  in  general  terms  to  the  first  law ;  it  may, 
however,  be  desirable  to  say  that  the  orbit  of  a  planet  with 
reference  to  its  form,  magnitude,  and  position,  is  determined  by 
the  five  following  data  or  elements : — 

J.  The  longitude  of  perihelion,  or  the  longitude  of  the  planet, 
when  it  reaches  this  point,  denoted  by  the  symbol  v. 

2.  The  longitude  of  the  ascending  node  of  the  planet's  orbit,  as 
seen  from  the  Sun. —  Q . 

3.  The  inclination  of  the  orbit,  or  the  angle  made  by  the  plane 
of  the  orbit  with  the  ecliptic. — i. 

4.  The  eccentricity, — e.  This  is  sometimes  expressed  by  the 
angle  (^,  of  which  e  is  the  natural  sine. 

5.  The  semi-axis-major,  or  mean  distance. — a. 
The  second  of  Kepler's  laws  Fig.  13. 

will  readily  be  understood  from 
the  annexed  diagram.  Let 
A  B  C  D  be  the  elliptic  path  of 
a  planet,  and  let  it  move  from 
C  to  D  in  the  same  time  that 
it  takes  to  pass  from  A  to  B ; 
then  the  area  C  S  D  will  be 
equal  to  the  area  A  S  B. 

In  the  third  law  we  find  a  Diagram  illustrating  Kepler's 

.     . ,  ,  .  ,  Second  Law. 

very  curious  coincidence,  which 

may  be  thus  expressed: — If  the  squares  of  the  periodic  times  of  the 
planets  be  divided  by  the  cubes  of  their  mean  distances  from  the  Sun, 
the  quotients  thus  obtained  are  the  same  for  all  the  planets.  The 
following  table  exemplifies  this :  it  should  be  remarked,  however, 
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that  the  want  of  exa^t  uniformity  in  the  fourth  column '  is  owing 
to  error  in  the  observations : — 


Vulcan! 
Mercury 
Venus. . 
Earth  .. 
Mars   .. 
Ceres  .. 
Jupiter 
Saturn 
Uranus 
Neptune 


o'43 
0*387  lo 

073333 

I'OOOOO 

1-51369 

2-77692 

5-20277 

9-53«78 
19-18239 

3003680 


p 

197 

I32716 

87*969 

I3343I 

224*701 

I334I3 

365356 

133408 

686*979 

I334IO 

1679-855 

I322IO 

4333585 

133394 

10759*220 

13.^01 

30686821 

X33431 

60126  710 

I334OS 

This  law  also  holds  good  for  the  satellites  «,  as  will  be  seen  from 
the  following  tables  calculated  for  the  purpose  of  exemplifying  it. 
They  are  interesting  in  more  than  one  particular.  The  close 
accord  subsisting  between  the  results  obtained  for  the  various 
satellites  of  Uranus  is  noticeable  in  view  of  the  fact  that  the  reality 
of  the  existence  of  as  many  as  8  is  now  thought  doubtful. 


THE  SATELLITES  OF   SATURN. 


Name. 

a 

P 

Mimas       

Enceladus 

Tethys        

Dione 

Rhea 

Titan 

Hyperion 

lapetufl 

336 
431 

5*34 
684 

9*55 
22*14 

28*00 

64-36 

0*94 

1-37 
1*88 

373 

4-51 

15*94 
31*29 

79'33 

33763 

33443 
23211 

23289 

• 

33353 

33413 
30648 

33606 

f  The  decimal  pointing  is  neglected  in 
all  cases  in  the  4th  colunm,  that  the  eye- 
appreciation  of  the  coincidences  may  not 
be  interfered  with. 


8  Newton  has  shewn  {Prtncip.  prop.  59) 
that  this  ui  not  rigorously  true  when  the 
mass  of  the  planet  has  an  appreciable 
ratio  to  that  of  the  Sun. 


Chap.  II.] 
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THE  SATELLITES  OF  JUPITER. 


No. 

a 

p 

a3 

1. 

605 

17 

HI47 

n. 

9*63 

3*55 

14156 

ni. 

15-35 

715 

14*35 

IV. 

a6*99 

16*69 

14168 

THE  SATELLITES  OF  URANUS. 


No. 

a 

P 

p« 

1. 

744 

2*53 

X5430 

II. 

IO-37 

414 

15370 

in. 

131a 

589 

15361 

IV. 

17-01 

871 

15414 

V. 

19-85 

10*96 

15358 

VI. 

3^75 

13-46 

15387 

VII. 

4551 

3808 

15384 

vni. 

9i'oi 

107-69 

15314 

These  three  laws  are  the  foundation  of  all  astronomy,  and  it  was 
from  them  that  Sir  I.  Newton  deduced  his  theory  of  gravitation. 
Arago  says :  '^  These  interesting  laws,  tested  for  every  planet,  have 
been  found  so  perfectly  exact,  that  we  do  not  hesitate  to  infer  the 
distances  of  the  planets  from  the  Sun  from  the  duration  of  their 
sidereal  revolutions;  and  it  is  obvious  that  this  method  of  esti- 
mating distances  possesses  considerable  advantages  in  point  of 
exactness ;  for  it  is  always  easy  to  determine  precisely  the  return 
of  each  planet  to  a  point  in  the  heavens,  while  it  is  very  difficult 
to  determine  exactly  its  distance  from  the  Sun.^' 

Sir  J.  Herschel  discusses  the  theoretical  considerations  connected 
with  these  laws  with  great  perspicuity,  but  in  a  manner  somewhat 
too  advanced  for  these  pages :  I  must  therefore  rest  content  with 
a  bare  notification  of  the  fact,  and  a  recommendation  to  the  reader 
to  consult  his  work**. 

^  OutUncM  of  Att.y  p.  332-7. 
P 


34 

A  few  definitions  ai 
appropriate. 

Fig.  14. 


The  Sun  and  Planets. 


[Book  I. 


to  the  properties  of  an  ellipse  will  here  be 


Id  figure  14  S  and  S'  are 
the/o«  of  the  ellipse ;  A  C  is 
the  major  axU;  B  D  the  Minor 
ot conjugate  axi»;  O  the  centre: 
or  astronomically — O  A  is  the 
temi-axit-major  or  mean  dis- 
tance, OB  the  genti-axU-minor ; 
the  ratio  of  O  S  to  O  A  is  the 
eccentricity:  the  least  distance, 
S  A,  is  Wia  perihelion  distance; 
S  B  O  is  the 


Tdb  Ellifhe. 
the  greatest  distance,  S  C,  the  aphelion  dittance. 
angle  <p  referred  to  on  pp.  31  and 
Fig.  ij. 


It  will  not  be  difficult 
to  follow  in  the  mind  the 
additional  characteristics 
of  a  planetary  orhit.  The 
orbit  in  the  figure  is  laid 
down  on  a  plane  sur&ce ; 
incline  it  slightly  as  com- 
pared to  some  fixed  plane 
ring  and  the  element  of 
the  inclination  (as  regards 
its  amount)  will  pre- 
sent itself.  (The  astro- 
nomical fixed  plane  in 
this  case  is  the  ecliptic.) 
Imagine  a  planet  follow- 
ing the  inclined  ellipse, 
and  at  some  point  it 
must  rise  above  the  level 
of  the  fixed  plane;  the 
point  atwhich  it  begins  to 
do  so,  measured  aognUrly 
from  some  settled  starting 
point,  gives  the  longitude 
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of  tie  ateending  node.  Then  the  planet's  poBition  in  the  ellipse, 
when  it  comes  closest  to  the  chief  focua,  gives  us,  when  it  is  pro- 
jected on  the  plane  ring,  the  place  of  nearest  appulse  to  the  focus, 
in  other  words,  the  tot^tude  of  the  perihelion.  Following  these 
steps,  to  form  a  general  conception  of  a  planetary^  orbit  in  space, 
is  not  a  matter  of  much  difficulty,  and  though  perhaps  rather  a 
cTfxAa  is  still  a  strictly  accurate  method. 

llie  following  scheme  will  assist  the  reader  to  obtain  a  correct 
notion  of  the  magnitude  of  the  planetary  system :  choose  a  level  field 
or  common ;  on  it  place  a  globe  two  feet  in  diameter,  for  the  Sun ; 
Vulcan  will  then  be  represented  by  a  small  pin's  head,  at  a  distance 
of  about  37  feet  from  the  centre  of  the  ideal  Sun ;  Mi'rcuiy  l)y  a 
mustard  seed,  at  a  distance  of  82  feet;  Venus  by  a  pea,  at  a 
distance  of  142  feet ;  the 
Earth  also  by  a  pea,  at 
a  distance  of  215  feet; 
Mars  by  a  small  pepper- 
corn, at  a  distance  of  337 
fieet;  the  minor  planets 
by  grains  of  sand,  at  dis- 
tances varying  from  500 
to  600  feet :  if  space  will 
permit,  we  may  place 
a  moderate-sized  orange 
nearly  ^  mile  distant 
from  the  starting-point 
to  represent  Jupiter; 
small  orange  §  of  a  mile 
for  Saturn ;  a  full-sized 
cherry  }  mile  distant  for 
TTrannsj  and  lastly  a 
plum  1^  miles  off  for 
Neptune,  the  moat  dis- 
tant planet  yet  known. 

Extending  this  scheme, 
we  should  find  that  the 
aphelion    distance     of 
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Encke's  Comet  would  be  at  880  feet-;  the  aphelion  distance  of 
Donati's  Comet  of  1858  at  6  miles;  and  the  nearest  fixed  star  at 
7500  miles. 

According  to  this  scale  the  daily  motion  of  Vulcan  in  its  orbit 
would  be  4 J  feet;  of  Mercury  3  feet;  of  Venus  7,  feet;  of  the 
Earth  i|  feet;  of  Mars  i\  feet;  of  Jupiter  lo^  inches;  of  Saturn 
7^^  inches;  of  Uranus  5  inches;  and  of  Neptune  4  inches.  This 
illustrates  the  fact  that  the  orbital  velocity  of  a  planet  decreases 
as  its  distance  from  the  Sun  increases. 

Connected  with  the  distances  of  the  planets  Bode  of  Berlin  in 
1778  published  the  foDowing  sing^ular  ''law''  of  the  numerical 
relations  existing  between  them^  which^  although  not  discovered 
by  him  but  by  Titius  of  Wittemberg,  usually  bears  his  name. 

Take  the  numbers — 

o.     3.     6.     i^.     24.    48.     96.     19^.     384; 
each  of  which  (the  second  excepted)  is  double  the  preceding; 
adding  to  each  of  these  numbers  4^  we  obtain 

4.    7.     10.     16.    a8.    5a.     100.     196.    388; 
which    numbers   approximately  represent    the    distances  of  the 
planets  from  the  Sun  expressed  in  radii  of  the  Earth's  orbit^  as 
exhibited  in  the  following  table : — 


Plinett. 


Mercury 
y  enixs . . 
Earth  .. 
Mars  .. 
Ceres  .. 
Jupiter 
Satam.. 
Uranus 
Neptune 


TmeDistenoe 
flpom  0 


3-87 

m 
10*00 

15-313 
37*66 

5203 

9539 
191*82 

300-37 


Bislanoeby 
Bode's  Law. 


4*00 

7*oo 

10*00 

16*00 

aS-oo 

63*00 

100*00 
196*00 
388*00 


Bode  having  examined  these  relations^  and  noticing  the  void 
between  16  and  5a  (Ceres  and  the  other  minor  planets  not  being 
then  known),  ventured  to  predict  the  discovery  of  new  planets ; 
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and  it  may  reasonably  be  believed  that  this  conjeeture  guided  or 
indnced  the  investigatioiis  of  subsequent  observers^  though  some 
have  disputed  this^  In  the  above  table  the  greatest  deviation 
between  the  assumed  and  the  true  distance  is  in  the  case  of 
Neptune;  it  is  possible^  however^  that  when  more  complete  ob- 
servations of  this  planet  shall  have  been  made^  the  above  difference 
may  be  somewhat  reduced.  We  may  sum  up  Bode's  law  as 
follows : — T%at  ike  ifUerval  between  the  orbits  of  any  two  planets  is 
about  twice  as  great  as  the  inferior  interval,  and  only  half  the 
superior  one. 

Separating  the  major  planets  into  two  groups^  if  we  take  Mercury^ 
Yenus^  the  Earthy  and  Mars  as  belonging  to  the  interior;  and 
Jupiter^  Saturn^  Uranus^  and  Neptune  to  the  exterior  group^  we 
shall  find  that  they  differ  in  the  following  respects : — 

i«  The  interior  planets^  with  the  exception  of  the  Earthy  are 
notj  as  fiur  as  we  know^  attended  by  any  satellites^  while  the 
exterior  planets  all  have  satellites.  We  cannot  but  consider  this 
as  one  of  the  many  instances  to  be  met  with  in  the  universe 
of  the  beneficence  of  the  Creator — ^that  the  satellites  of  these 
remote  planets  are  designed  to  compensate  for  the  small  amount 
of  light  their  primaries  receive  firom  the  Sun^  owing  to  their  great 
distance  from  that  luminary. 

2.  The  average  density  of  the  first  group  considerably  exceeds 
that  of  the  second^  the  approximate  ratio  being  5:1. 

3.  The  mean  duration  of  the  axial  rotations^  or  mean  length 
of  the  day^  of  the  interior  planets,  is  much  longer  than  that  of 
the  exterior;  the  average  in  the  former  case  being  23**  59" 45%  but 
in  the  latter  only  9^  58"  ao'. 

In  the  following  pages  I  give  a  full  tabular  summary  of  in- 
formation concerning  the  Sun,  Moon,  and  Major  Planets, 

*  As  fiu-  back  as  450  b.o.  Democritus  orbits  of  Mare  and  Jupiter,  but  too  small 

of  Abdera  thought  it  probable  that  even-  to  be  visible  to  the  naked  eye.  The  same 

ioallj  new  planets  would,   perhaps,  be  philosopher  conjectured  that  there  was 

discovered.  (Seneca,  Quatt.  Nat.,  lib.  vii.  another  planet  between    Mercury    and 

cap.  3  and  13.)    Kepler  was  of  opinion  Venus. 
that  some  planets  existed  between  the 
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The  fottowing  singular  coincidences  deserve  to  be  mentioned : — 

I.  Multiply  the  Earth's  diameter  (7912  miles)  by  108,  and  we 
get  854^496  =  +  the  Snn's  diameter  in  miles. 

3.  Multiply  the  Sun's  diameter  (852,584  mites)  by  108,  and 
we  get  92,079,072  =  +  the  mean  diGtance  of  the  Earth  &om 
the  Son. 

3.  Multiply  the  Moon's  diameter  (2160  miles)  by  108,  and  we 
get  233,380  =  +  the  mean  distance  of  the  Moon  fixtm  the  Earth. 

A    phenomenon     of  **«■  '7- 

ooneiderable  interest,  es- 
pecially on  account  of 
its  rwity,  is  the  con- 
junction, or  grouping 
together,  of  two  or 
more  planets  within  a 
limited  area  of  the 
heavens.  The  most  re- 
cent noticeable  in- 
stance is  depicted  in  fig. 
i7-  It  occurred  on  the 
morning  of  July  21, 
1859,  when  Venus  and 
Jupiter  came  very  close 


Vkvdb  and  Jufitzb,  July  11,  1S59. 
A.  W,  1 " 

was  only  13",  and  they  accordingly  appeared  to  the  naked  eye  as 
one  object. 

On  Jan.  29,  1857,  Jupiter,  the  Moon,  and  Venus  were  in  a 
strught  line  with  one  another,  though  not  within  telescopic 
range. 

On  Dec.  19,  1845,  Venue  and  Saturn  appeared  in  the  same  field 
of  the  telescope.     [See  Sg.  18,  next  page.] 

On  Oct-.  3,  1801,  Venus,  Jupiter,  and  the  Moon  were  in  close 
proximity  in  Leo,  and  Saturn  was  not  far  off. 

On  Dec.  23,  1769,  Venus,  Jupiter,  and  Mars  were  very  close  to 
each  other. 

On  March  17, 1725.  Venus,  Jupiter,  Mars,  and  Mercury  appeared 
together  in  the  same  field  of  the  telescope. 
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On  Nov.  11,  I544>  Venus,  Jupiter,  Mercury,  and  Saturn  were 
enclosed  in  a  space  of  io°. 

On  Nov,  1  J,  1524,  VenuB,  Jupiter,  Mars,  and  Saturn  were  veiy 
close  to  each  other,  and  Mercury  was  only  16°  distant. 

In  the  years  1507,  1511,  1552,  1564,  1568,  1620,  1624,  1664, 
1669,  1709,  and  1765,  the  three  most  brilliant  planets — Venus, 
Mars,  and  Jupiter — were  very  near  each  other. 

On  Sept.  15,  ]  186,  Mercury,  Venus,  Mars,  Jupiter,  and  Saturn 
Fig.  18.  were  in  conjunction  be- 

tween the  Wheat-ear  of 
Virgo,  and  Libra. 

The  earliest  record 
we  poBBess  of  an  occur- 
rence of  this  kind  is  of 
Chinese  origin.  It  is 
stated  that  a  conjunc- 
tion of  Mars,  Jupiter, 
Saturn,  and  Mercury, 
in  the  constellation  SAi, 
was  assumed  as  an  epoch 
by  the  Emperor  Chuen- 
hio,  and  it  has  been 
found  by  MM.  Desvig- 
noles  and  Kirch  that 
such  a  conjunction  actually  did  take  place  on  Feb.  38,  2446  B.C., 
between  10°  and  18°  of  Pisces)'.  Another  calculator,  De  Mailla, 
fixes  upon  Feb.  9,  2441  B.C.  as  the  date  of  the  conjunction  in 
question;  and  he  states  that  the  four  planets  named  above,  and 
the  Moon  besides,  were  comprised  within  an  arc  of  12°,  extending 
from  15°  to  27°  of  Pisces.  It  deserves  mention  that  both  the 
foregoing  dates  precede  the  Noachian  deluge.  It  can  therefore 
only  be  that  the  planetary  conjunction  in  question  was  after- 
ascertained. 


^  Bailly    Aitroit.    Antitnne,    p.  345.      p.  166,  aad  Eircb'i  in  toI.  t.  p.  193  of 
Desrignolea's    originBl   memoir   kppeva       the  nine  wiis*. 
in  Mint,  de  VAcad.  dt  Btiiin,  toL   iii. 
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He  gives  the  followiDg  positionfi ' : 


Mereuiy   ,, 
Japiter 
The  Moon 
Saturn 
Mors 


344  56  16 

347  a  la 

353  '8  " 

354  39  47 
356  45  " 


Fig.  19. 


A  few  ^neni]  remariiB  oq  the  di£FereDt  theories  of  the  aolar 
aystem  which  have  at  various  times  been  current  will  appropriately 
conclude  this  chapter. 

The  Plolentaic  system  claims  the  first  place  in  consequence  of 
its  wide  acceptance  and  the  fame  of  the  aBtronomer  whose  name 
it  bears  rather  because  he 
reduced  it  into  shape  than 
actually  originated  it.  The 
earth  was  r^arded  as  the 
centre,  and  around  this  the 
Moon  (l).  Mercury  (g), 
Venus  (?),  The  Sun  (o), 
Mars(<?),  Jupiter  (u},  and 
Saturn  ( )] },  all  caWed  jilanets, 
were  assumed  to  revolve  in 
the  order  in  which  I  have 
given  them. 

More  accurate  ideas  were, 
however,  current,  but  found 
few  supporters.  Aristarchus  of  Samos,  who  lived  about  280  b.c., 
supposed,  according  to  Archimedes  and  Plutarch,  that  the  Earth 
revolved  round  the  Sun,  for  which  "heresy"  he  was  accused  of 
impiety.  Cleanthus  of  Assob,  who  flourished  but  20  years  later, 
was,  according  to  Plutarch,  the  first  who  sought  to  explain  the 
great  phenomena  of  the  universe  by  supposing  a  motion  of 
translation  on  the  part  of  the  Earth  around  the  Sun,  together  with 
one  of  rotation  around  its  own  axis.     The  historian  relates  that 
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Thb  EamuH  Stbtih. 


^^.lAK  wifr  M  iMMit  iBil  «>  oootniy  to  the  receiTed  Dotioiu  that 
K  Cteanthos  also  for  impiety. 
f^  M.  The  Egyptian  tj/item  dif> 

fered  from  the  Ptolemaic 
only  ID  regarding  Mercury 
and  Venus  as  satellites  of 
the  Snn  and  not  primaty 
planets. 

A  long  period  elapsed  be- 
fore   any  new   theories    of 
importance  were  started,  but 
in  the   fifteenth  century  of 
the  Christian  era  Cbpernieut 
came     forward     and     pro- 
pounded his  theoryj  which 
ultimately    superseded     all 
others,  and  is  the  one  now  (in  substance)  adopted.     It  phices  the 
SuD  in  the  centre  of  the  oniverse  as  the  cynosure,  around  which 
Tig.  II.  all  the  primary  planets  re- 

volve. It  must  not  be  sup- 
posed, however,  that  the 
renowned  Pole  was  imbued 
with  the  fullest  amount 
of  astaonomical  illumination. 
Far  &om  it :  his  ideas  were 
defective  in  more  than  one 
important  particnlar.  In 
order  to  account  for  the 
apparent  irregularities  in  the 
motions  of  the  planets,  as 
seen  &om  the  Earth,  he 
Thb  Copsuioaii  Stbibh.  upheld  theories  which  sub- 

■e([uent  advances  in  the  science  shewed  to  be  onneoessary  and 
in  re«t  on  no  substantial  basis.  Amongst  other  things  he  retained 
thii  theory  of  Epicycles.  The  ancients  considered  that  the  plane- 
Ury  niolioriM  must  bo  effected  uniformly  and  in  cirdes,  because 
tiiiirririH  inution  ap]>eanKl  the  most  perfect  kind  of  motion,  and  a 
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circle  the  most  perfect  and  most  noble  kind  of  carve.  There  is  at 
any  rate  a  reverential  spirit  in  this  idea  which,  notwithstanding 
our  enUghtenmentj  we  need  not  despise.  Copernicus  announced  his 
system  in  a  treatise  entitled  De  Itevolutionibua  arbium  Celestium, 
the  actual  publication  of  which  he  did  not  live  to  see ;  for  him 
this  was  perhaps  fortunate  rather  than  otherwise^  because  the 
work  was  condemned  by  the  Papal ''  Congregation  of  the  Index/' 
Had  it  been  possible  for  these  reverend  gentlemen  to  have  got 
the  author  within  their  dutches^  it  is  more  than  likely  that 
he  would  have  suffered  as  well  as  his  book^  like  GhJileo  after 
him. 

Tycho  Brahe  was  the  last  who  ventured  on  any  original 
speculations  in  this  field.  Influenced  either  by  bond  Jide  scruples 
resulting  from  an  erroneous  in-  l^.  22. 

terpretation  of  certain  passages 
in  Holy  ScripturCj  or  it  may  be 
simply  by  a  desire  to  perpetuate 
his  name^  he  chose  to  r^^ard 
the  Earth  as  immoveable^  and 
occupying  the  centre  of  the  sys- 
tem :  the  Moon  as  revolving 
immediately  round  the  Earth  : 
and^  exterior  to  the  Moon^  the 
Sun  doing  the  same  thing — ^the 
various  planets  revolving  round 
the  latter  as  solar  satellites.  The  Ttohonio  Ststmc 

Kepler  and  Newton  finally  set  matters  right  by  perfecting  the 
Copemican,  and  so  negativing  all  the  other  systems. 
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CHAPTER    III. 


VULCAN. 


Le  Verri€r*8  investigation  of  Merewry, — Narrative  of  the  discovery  <^  VuUan. — 
Le  Verrier*s  interview  vnth  M,  LeeoarbanUt. — Approximate  dements  of  Vulcan. — 
Concluding  note. 

T>  EFORE  entering  upon  the  story  of  the  supposed  discovery  of 
-^^  a  new  planet  to  which  this  name  has  been  given,  it  seems 
appropriate  that  I  should  offer  a  brief  prefatory  statement. 

M.  Le  Verrier  having  conducted  an  investigation  into  the 
theory  of  the  orbit  of  Mercury,  was  led  to  the  conclusion  that 
a  certain  error  in  the  assumed  motion  of  the  perihelion  could 
only  be  accounted  for  by  supposing  the  mass  of  Venus  to  be 
at  least  ^  greater  than  was  commonly  imagined,  or  else  that 
there  existed  some  unknown  planet,  situated  between  Mercury 
and  the  Sun,  capable  of  producing  a  disturbing  action.  Le 
Verrier  oflTered  no  opinion  on  these  hypotheses,  but  contented 
himself  with  laying  them  before  the  scientific  world  in  the  autumn 
of  1859  ». 

On  this  becoming  public,  a  certain  M.  Lescarbault,  a  physician 
at  Orgeres,  in  the  Department  of  Eure-et-Loire,  France,  came 
forward  and  stated  that  on  March  26  in  that  year  (1859),  he 
had  observed  the  passage  of  an  object  across  the  Sun's  disc  which 
he  thought  might  be  a  new  planet,  but  which  he  did  not  like 
to  announce  as  such  until  he  had  obtained  a  confirmatory  obser- 
vation; he  then  related  the  details,  and  Le  Verrier  determined 
to  seek  a  personal  interview. 

*  Compt.  Rend,.,  toI.  zlix.  p.  379. 
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The  following  account  of  the  meeting  will  be  read  with 
interest. 

'^  On  calling  at  the  residence  of  the  modest  and  unobtrusive 
medical  practitioner^  he  refused  to  say  who  he  was^  but  in  the 
most  abrupt  manner^  and  in  the  most  authoritative  tone^  beg^n^ 
^  It  is  then  you.  Sir,  who  pretend  to  have  observed  the  intra-* 
Mercurial  planet,  and  who  have  committed  the  grave  offence 
of  keeping  your  observation  secret  for  nine  months.  I  warn 
you  that  I  have  come  here  with  the  intention  of  doing  justice 
to  your  pretensions,  and  of  demonstrating  either  that  you  have 
been  dishonest  or  deceived.  Tell  me  then,  unequivocally,  what 
you  have  seSn?'  The  doctor  then  explained  what  he  had 
witnessed,  and  entered  into  all  the  particalars  regarding  his 
discovery.  On  speaking  of  the  rough  method  adopted  to  ascer- 
tain the  period  of  the  first  contact,  the  astronomer  inquired 
what  chronometer  he  had  been  guided  by,  and  was  naturally 
enough  somewhat  surprised  when  the  physician  pulled  out  a 
huge  old  watch  with  only  minute  hands.  It  had  been  his  faithful 
companion  in  his  professional  journeys,  he  said ;  but  that  would 
hardly  be  considered  a  satisfactory  qualification  for  performing 
so  delicate  an  experiment.  The  consequence  was,  that  Le  Verrier, 
evidently  now  beginning  to  conclude  that  the  whole  affair  was 
an  imposition  or  a  delusion,  exclaimed,  with  some  warmth,  '  What, 
with  that  old  watch,  shewing  only  minutes,  dare  you  talk  of 
estimating  seconds  ?  My  suspicions  are  already  too  well  founded.' 
To  this  Lescarbault  replied,  that  he  had  a  pendulum  by  which 
he  counted  seconds.  This  was  produced,  and  found  to  consist  of 
an  ivory  ball  attached  to  a  silken  thread,  which,  being  hung 
on  a  nail  in  the  wall,  is  made  to  oscillate,  and  is  shewn  by  the 
watch  to  beat  very  nearly  seconds.  Le  Verrier  is  now  puzzled 
to  know  how  the  number  of  seconds  is  ascertained,  as  there 
is  nothing  to  mark  them ;  but  Lescarbault  states  that  with  him 
there  is  no  difficulty  whatever  in  this,  as  he  is  accustomed  'to 
feel  pulses  and  count  their  pulsations,'  and  can  with  ease  carry 
out  the  same  principle  with  the  pendulum.  The  telescope  is 
next  inspected,  and  pronounced  satisfactory.  The  astronomer 
then    asks    for    the    original    memorandum,   which,   after    some 
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gearching^  is  found  'covered  with  grease  and  laudanum/  There 
is  a  mistake  of  four  minutes  on  it  when  compared  with  the  doctor's 
letter^  detecting  which^  the  savant  declares  that  the  observation 
has  been  falsified.  An  error  in  the  watch  regulated  by  sidereal 
time  accounts  for  this.  Le  Verrier  now  wishes  to  know  how 
the  doctor  managed  to  regulate  his  watch  by  sidereal  time^  and 
is  shewn  the  small  telescope  by  which  it  is  accomplished.  Other 
questions  are  askedj  to  be  satisfactorily  answered.  The  doctor's 
rough  drafts  of  attempts  to  ascertain  the  distance  of  the  planet 
from  the  Sun  '  from  the  period  of  four  hours  which  it  required  to 
describe  an  entire  diameter'  of  that  luminary  are  produced^  chalked 
on  a  board.  Lescarbaulfs  method^  he  being  short  of  paper^  was 
to  make  his  calculations  on  a  plank^  and  make  way  for  fresh 
ones  by  planing  them  off.  Not  being  a  mathematician^  it  may 
be  remarked  he  had  not  succeeded  in  ascertaining  the  distance 
of  the  planet  from  the  Sun. 

''  The  end  of  it  all  was^  that  Le  Verrier  became  perfectly  satis- 
fied that  an  intra-Mercurial  planet  had  been  really  observed.  He 
congratulated  the  medical  practitioner  upon  his  discovery^  and 
left  with  the  intention  of  making  the  facts  thus  obtained  the 
subject  of  fresh  calculations  ^." 

In  March  or  April  i860  it  was  anticipated  that  the  planet 
would  again  pass  across  the  Sun^  which  was  carefully  scrutinised 
by  different  observers  on  several  successive  days,  but  no  trace  of  it 
was  obtained.  However,  this  proves  nothing,  and  many  are  prepared 
to  regard  the  existence  of  this  planet  as  Vkfact^  to  be  fully  demon- 
strated at  some  future  time. 

The  following  approximate  elements  have  been  calculated  by 
Le  Verrier  from  Lescarbault's  rough  observations : — 

Longitude  of  ascending  node 
Inclination  of  orbit 
Semi-axis  major  (0  « i) 
Daily  heliocentric  motion 
Period 


= 

la** 

59' 

= 

la- 

10' 

^ 

O'l 

t43 

= 

iS** 

16' 

= 

ig- 

17^ 

»»  Epitomised  from  the  Norih  BrUith      Coftmas,  vol.  xvi.    pp.  aa-S,  1 860 ; 
Review^  vol.  xxxiii.  pp.i-ao,  August  i860.       also  Coitmos,  same  vcu.,  pp.  50-6. 


see 


A  full  account  will  also  be  found   in 
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HeuidisUnoe »  13,083,000  miles. 

Apparent  diaxDieter  of  O  from  Vulcan       ..  ^  3°  36' 

Do.  do.  do.  (©  =  1)  =  679 

Greatest  possible  elongation s  8"* 

The  application  of  Kepler's  third  law  gives  a  remarkable  sem- 
blance of  truth  to  these  elements;  butj  as  will  now  be  seen^ 
additional  evidence  can  be  adduced  as  to  the  reality  of  the  dis- 
covery^ much  as  it  has  been  called  in  question. 

On  March  20j  i862j  Mr.  Lummis^  of  Manchester^  was  examining 
the  Sun's  disc^  between  the  hours  of  8  and  9  a.m.^  when  he  was 
struck  by  the  appearance  of  a  spot  possessed  of  a  rapid  proper 
motion.  He  called  a  friend's  attention  to  it^  and  both  remarked 
its  sharp  circular  form.  Official  duties  most  unfortunately  inter* 
rupted  him^  after  following  it  for  20  minutes;  but  he  has  not 
the  slightest  doubt  about  the  matter.  The  apparent  diameter  was 
estimated  to  be  about  y",  and  in  the  20  minutes  it  moved  over 
about  iz'  of  arc.  The  telescope  employed  was  if  inches  aperture^ 
and  was  charged  with  a  power  of  80.  Mr.  Lummis  communicated 
with  Mr.  Hind  on  the  subject  of  what  he  had  seen;  and  the 
latter^  by  the  aid  of  the  diagram  sent^  determined  that  12'  was 
too  great  an  estimation  of  the  arc  traversed  by  the  spot  in  the 
time,  and  that  6'  would  be  a  nearer  value®. 

Two  French  calculators  attempted  to  deduce  elements  from 
Lummis's  observations :  the  results  thejr  obtained^  though  neces- 
sarily very  imperfect,  are  not  in  the  least  contradictory  either  to 
each  other  or  to  what  has  gone  before. 

The  first  result  is  adopted  from  Valz's  elements,  the  second  from 
Badau's. 


I. 

II. 

Longitude  of  ascending  node 

= 

a^'s^' 

— 

Inclination  of  orbit . . 

= 

10'  21' 

— 

Semi-axis  major  (0  » I'o) 

= 

0-132 

0-144 

Daily  heliocentric  motion   . . 

=» 

ao''  31' 

..     iS**  5' 

Period 

=: 

17*  13** 

19**  aa"* 

Mean  distance  in  miles 

^ 

12,076,000 

..    13,174,000 

From  the  heliocentric  position  of  the  nodes,   it  appears  that 


«  Month.  Not.  R  A.S.,  vol.  xxii.  p.  332. 
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transits  can  only  occur  between  March  25  and  April  10  at  the 
descending,  and  between  September  27  and  October  14  at  the 
ascending  node.  Instances  are  not  wanting  of  observations  of 
spots  of  a  planetary  character  passing  across  the  Sun  which  may 
turn  out  to  have  been  transits  of  Vulcan  **. 

On  October  10,  1802,  Fritsch  saw  a  round  spot  pass  over  the 
Sun.  In  3™  it  had  moved  2',  and  after  a  cloudy  interval  of  4**  had 
disappeared. 

On  October  9,  1819,  Stark  saw  a  well-defined  and  truly  circular 
spot,  about  the  size  of  Mercury,  which  he  could  not  find  again  in 
the  evening. 

On  October  11,  1847,  Schmidt  saw  a  small  black  point  rapidly 
pass  across  the  Sun. 

On  October  14,  1849,  the  same  observer  saw  a  dark  body,  about 
15^'  in  size,  pass  very  rapidly  from  east  to  west  before  the  Sun. 
"  It  was  neither  a  bird  nor  an  insect.'' 

In  the  works  whence  these  instances  are  cited,  others  are  given ; 
but,  though  suspiciously  suggestive  of  planets,  the  dates  do  not 
come  within  the  necessary  limits  for  them  to  have  been  apparitions 
of  Vulcan,  so  I  did  not  transcribe  them ;  but  they  are  very  inter- 
esting, and  worthy  of  attention. 

It  is  right  here  to  state  that  M.  Liais  asserts  that  he  was  watching 
the  Sun  in  Brazil  during  the  period  in  which  Lescarbault  professes 
to  have  seen  the  black  spot,  and  that  he  is  positively  certain  that 
nothing  of  the  kind  was  visible,  though  the  telescope  he  employed 
was  considerably  more  powerful  than  that  of  the  French  physician. 
He  adds  that  parallax  will  not  explain  matters  ®. 

^  Month,  Not.  R.A.S.,  vol.  zz.  p.  100,  also  pp.  193-4 ;  Webb,  Cdett.  0^*.,  p.  32. 

«  A  St.  iVodi^jNo.  1 281.    Nov.  1,  i860. 
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CHAPTEK   IV. 

MERCURY.     ? 

Period^  Jec. — Pheaa. — Phyncal  Observatiom  by  Schrdter  and  Sir  W.  Herschd. — P«- 
tennination  of  its  Mass. — When  best  seen.— Acquaintance  of  the  Ancients  with 
Mercury,-^Copemieu8  cmd  Mercury. — Tables  of  Mercury. 

IMERCURY  is,  of  the  old  planets*,  the  one  nearest  to  the  Sun, 
■^'-*  round  which  it  revolves  in  87^  23**  15™  43*9i%  at  a  mean 
distance  of  35,392,000  miles.  The  eccentricity  of  the  orbit  of 
Mercury  amounting  to  0*205,  the  distance  may  either  extend  to 
42,665,000  miles,  or  fall  as  low  as  28,119,000  miles.  The  apparent 
diameter  of  Mercury  varies  between  4*5"  in  superior  conjunction, 
and  12*9"  in  inferior  conjunction:  at  its  greatest  elongation  it 
amounts  to  about  7".  The  real  diameter  has  been  set  down  at 
2962  miles.  The  compression,  or  the  difference  between  the  polar 
and  equatorial  diameter,  has  usually  been  considered  to  be  too 
small  to  be  measmreable,  but  Dawes,  in  1848,  gave  it  at  ^V- 

Mercury  exhibits  phases  resembling  those  of  the  Moon.  At  its 
greatest  elongation  (say  W.)  half  its  disc  is  illuminated,  but  as 
it  approaches  superior  conjunction  the  breadth  of  the  illuminated 
part  increases,  and  its  form  becomes  gibbous,  and  ultimately  circular 
when  in  superior  conjunction;  at  this  point  the  planet  is  lost  in 
the  Sun's  rays,  and  is  invisible.  On  emerging  therefrom  the 
gibbous  form  is  still  apparent,  but  the  gibbosity  is  on  the  opposite 
side,  and  diminishes   day   by   day   till  the  planet  arrives  at  its 

*  In  caee  it  should  be  thought  that  tistics  in  Chapter  II.  of  this  Book,  as  it 

these  accounts  of  the  planets  are  too  de-  has  been  thought  for  several  reasons  un- 

ficient  in  statistical  data,  it  may  here  be  desirable  to  encumber  these  pages  with 

remarked  that  they  are  intended  to  be  too  many  figures. 
read  in  connexion  with  the  tabulated  sta- 

E  2 


52  The  Sun  and  Playlets.  [Book  I. 

greatest  elongation  east^  when  it  again  appears  like  a  half-moon. 
Becoming  more  and  more  crescented^  it  approaches  the  inferior 
conjunction;  having  passed  this^  the  crescent  (now  transferred  to 
the  opposite  side)  gradually  augments  until  the  planet  again 
reaches  its  greatest  westerly  elongation.  Owing  to  its  proximity 
to  the  Sun,  observations  on  the  physical  appearance  of  Mercury 
are  obtained  with  difficulty,  and  are  therefore  open  to  much  un- 
certainty. The  greatest  possible  elongation  of  the  planet  not 
exceeding  29°  (and  it  being  in  general  less),  it  can  never  be 
seen  free  from  strong  sunlight,  under  which  conditions  it  may 
occasionally  be  detected  after  sunset  and  before  sunrise,  shining 
with  a  pale  rosy  hue.  Mercury  does  not  appear  to  have  received 
much  attention  from  astronomers  of  the  present  day,  and  the 
observations  of  Schroter,  at  Lilienthal,  and  of  Sir  W.  Herschel, 
are  the  main  sources  of  information.  The  former  observer  and 
his  assistant  Harding  obtained  what  they  believed  to  be  decisive 
evidence  of  the  existence  of  high  mountains  on  the  planet's 
surface:  one  in  particular,  situated  in  the  southern  hemisphere, 
was  supposed  to  manifest  its  presence  from  time  to  time,  in 
consequence  of  the  southern  horn,  near  inferior  conjunction, 
having  a  truncated  appearance,  which  it  was  inferred  might  be 
due  to  a  mountain  arresting  the  light  of  the  Sun,  and  preventing 
it  reaching  as  far  as  the  cusp  theoretically  extended.  The  extent 
of  this  truncature  would  serve  to  determine  the  height  of  the  moun- 
tain occasioning  it,  which  has  been  set  down  at  10*7  miles,  an 
elevation  far  exceeding  absolutely  anything  we  have  on  the  Earth, 
and  in  a  still  more  marked  degree  relatively,  when  the  respective 
diameters  of  the  two  planets  are  taken  into  consideration. 
Schroter,  pursuing  this  inquiry,  announced  that  the  planet  rotated 
on  its  axis  in  24**  5™  48*.  Sir  W.  Herschel  was  unable  to  confirm 
these  results  either  in  whole  or  even  in  part. 

The  phases  of  Mercury  are  noticeable,  as  it  has  sometimes 
been  found  that  the  breadth  of  the  illuminated  portion  is  less 
than  according  to  calculation  it  should  be.  This  does  not  rest 
on  the  testimony  of  Schroter  alone,  but  is  supported  by  Beer 
and  Madler,  from  an  observation  made  on  September  29,  1832. 
Mercury  is  not  known  to  be  possessed  of  an  atmosphere;  at  least. 
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if  one  existsj  it  is  too  insignificant  to  be  detected^  as  we  learn  from 
Sir  W.  Herschel^  contradicting  Schroter  and  Harding.  Daring 
the  transit  across  the  Sun  in  1799^  these  observers^  as  well  as 
Kohler  at  Dresden^  perceived  a  small  luminous  spot  on  the  dark 
disc^  which  has  been  regarded  as  an  indication  of  volcanic  action^ 
an  opinion  which  I  cannot  but  think  is  founded  on  insufficient 
grounds. 

Mercury  is^  as  far  as  we  know^  attended  by  no  satellite^  and  the 
determination  of  its  mass  is  a  difficult  and  uncertain  problem. 
However^  the  small  comet  of  Encke  has  furnished  the  means  of 
learning  somethings  and  from  considerations  based  on  the  dis- 
turbances efiected  in  the  motion  of  this  comet  by  the  action  of 
Mercury,  it  has  been  calculated  by  Encke  that  the  mass  of  the 
latter  is  i^^\^%\  that  of  the  Sun.  Le  Verrier  gives  asaSooo  > 
Littrow  aoasaioi  ^^d  Madler  Trrwjnr-  The  best  time  to  see 
Mercury  is  at  its  greatest  easterly  elongation  in  the  springs  when 
it  is  visible  for  1 1  hours  after  sunset^  and  at  the  opposite  elonga- 
tion in  the  autumn,  when  it  is  visible  for  a  similar  period  before 
sunrise.  With  the  aid  of  a  gfood  telescope^  equatorially  mounted, 
it  can  frequently  be  found  in  the  daytime. 

The  ancients  were  not  only  acquainted  with  the  existence  of 
this  planet  ^,  but  were  able  to  approximate  with  considerable  accu- 
racy to  its  period^  and  to  the  nature  of  its  motions  in  the  heavens. 
"  The  most  ancient  observation  of  this  planet  that  has  descended 
to  us  is  dated  in  the  year  of  Nabonasser  494^  or  60  years  after 
the  death  of  Alexander  the  Great^  on  the  morning  of  the  19th 
of  the  Egyptian  month  Thoth,  answering  to  November  15  in 
the  year  265  before  the  Christian  era.  The  planet  was  observed 
to  be  distant  from  the  right  line^  joining  the  stars  called  /3  and  d 
in  Scorpio^  one  diameter  of  the  Moon ;  and  from  the  star  /3  two 
diameters  towards  the  norths  and  following  it  in  right  ascension. 
Claudius  Ptolemy  reports  this  and  many  similar  observations^ 
extending  to  the  year  134  of  our  era,  in  his  great  work  known 
as  the  AlmagesL" 

We   have  also    observations  of  the  planet  Mercury,  by    the 

^  Pliny,  Hiti,  Nat.,  lib.  iL  cap.  7  ;  Cicero,  De  Natura  Deorum,  lib.  ii.  cap.  ao. 
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Chinese  astronomers^  as  far  back  as  the  year  ii8  a.d.  These  ob- 
servations consist,  for  the  most  part,  of  approximations  (appulses) 
of  the  planet  to  stars.  M.  Le  Verrier,  the  eminent  French 
geometer,  has  tested  many  of  these  Chinese  observations  by  the 
best  modem  tables  of  the  movements  of  Mercury,  and  finds,  in  the 
greater  number  of  cases,  a  very  satisfactory  agreement.  Thus, 
on  June  9,  118,  the  Chinese  observed  the  planet  near  a  cluster 
of  stars  in  the  constellation  Cancer,  usually  termed  Praesepe ;  the 
calculation  from  modem  theory  shews  that  on  the  evening  of  the 
day  mentioned  Mercury  was  less  than  i""  distant  from  that  group 
of  stars. 

"  Although  the  extreme  accuracy  of  observation  at  the  present 
day  renders  it  unnecessary  to  use  these  ancient  positions  of  the 
planets  in  the  determination  of  their  orbits,  they  are  still  useful 
as  a  check  upon  our  theory  and  calculations,  and  possess,  more- 
over, a  very  high  degree  of  interest  on  account  of  their  remote 
antiquity  ®.'' 

La  Place  says :  "  A  long  series  of  observations  were  doubtless 
necessary  to  recognise  the  identity  of  the  two  bodies,  which  were 
seen  alternately  in  the  morning  and  evening  to  recede  from  and 
approach  the  Sun ;  but  as  the  one  never  presented  itself  until  the 
other  had  disappeared,  it  was  finally  concluded  that  it  was  the 
same  planet  which  oscillated  on  each  side  of  the  Sun.''  Arago 
considers  that  "This  remark  of  La  Place's  explains  why  the 
Greeks  gave  to  this  planet  the  two  names  of  Apollo  the  god  of 
the  day,  and  Mercury  the  god  of  the  thieves,  who  profit  by  the 
evening  to  commit  their  misdeeds." 

The  Greeks  gave  Mercury  the  additional  appellation  of  6  2r£\j3a>r, 
'  the  Sparkling  One/  When  astrology  was  in  vogue,  it  was  always 
looked  upon  as  a  most  malignant  planet,  and  was  stigmatised  as  a 
9idus  dolorosum.  From  its  extreme  mobility  chemists  adopted  it  as 
the  symbol  for  quicksilver. 

So  difficult  is  it,  in  a  general  way,  to  see  Mercury,  that 
Copernicus,  who  died  at  the  age  of  70,  complained  in  his  last 
moments  that,  much  as  he  had  tried,  he  had  never  succeeded  in 

•  Hind,  Sol.  Sygi.,  p.  23. 
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detecting  it^  in  consequence^  as  G^sendi  supposes^  of  the  vapours 
prevailing  near  the  horizon  on  the  banks  of  the  Vistula  where 
the  illustrious  philosopher  lived.  An  old  English  writer,  of  the 
name  of  Goad,  in  1686,  humorously  termed  this  planet  ''a 
squinting  lacquey  of  the  Sun,  who  seldom  shews  his  head  in 
these  parts,  as  if  he  were  in  debt.^' 

In  computing  the  places  of  Mercury,  the  tables  of  Baron  de 
Lindenau,  published  in  1813,  used  to  be  employed,  but  they  are 
now  superseded  by  Le  Vender's  *. 

^  Annaka  de  VOb$.  de  Paris,  1859. 
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JEXT  in  order  of  distance  from  the  Son,  after  Mercury,  is 
Venus  J  which  revolvefi  round  the  Sun  in  2x4'*  1 6^  49"  8*,  at  & 
mean  distance  of  65,131,000  miles.   The  eccentricity  of  the  orbit  of 
Venus  amounting  to  only  o-oo6,  the  extremes  of  distance  are  only 
Fig.  ij.  66,585,000    and    65,677,000 

milee,  a  difference  less  than  is 
the  case  with  any  of  the  other 
major  planets,  and  greater 
only  than  Europa  amongst 
the  minor  ones.  The  appar- 
ent diameter  of  Venus  varies 
between  9-7"  in  superior  and 
66-^'  in  inferior  conjunction. 
At  ite  greatest  elongation  its 
apparent  diameter  is  about 
25".     A   numerous   series  of 

careful  obserrationB  have  en- 
Vmtob  hub  its  GiMinm  ELOsatnov.        ,,,,,. 

(AArMer.)  abled  MaiD  to  determine  that 

the  planefs  diameter  reduced  to  mean  distance  is  i7*55">  subject 

to  a  correction  of  —0*5"  for  the  effects   of  irradiation.     Stone, 

from  an  elaborate   discussioQ   of  a   large    series    of  Greenwich 


Chap.  V.] 


Vernis. 


67 


obeervittionB,  lias  obtained  i6'944",  with  a  probable  error  of  +  O'o8" 
only.  The  real  diameter  corresponding  to  tbis  latter  evaluation  is 
7510  miles,  or,  roundly,  Venns's  diameter  is  almost  tbe  same  aa 
the  Earth's.  The  compression  is  very  email,  so  much  so  that 
I  am  not  aware  that  any  attempt  has  ever  been  made  to  assign 
a  value. 

Venus  exhibits  phases  precisely  identical  with  those  of  Mercury. 

Though  under  the  most  favourable  circumstances  never  farther 
removed  from  the  Sun  than  47°  15*,  and  therefore  always  more 
or  less  under  the  influence  of  twilight,  Venus  is  difficult  to  observe 
for  a  reason  additional  to  that  which  obtains  with  Mercury,  namely 
its  own  extreme  brilliancy.  This  is  such  as  to  render  the  planet 
not  untrequently  visible  in  the  full  daylight  and  capable  of  casting 
a  sensible  shadow  at  night.  This  last  happened  in  Feb.  1862,  and 
occurs  every  8  years,  when  the  planet  is  at  or  near  its  greatest 
north  latitude  and  about  5  weeks  from  inferior  conjunction.  Its 
apparent  diameter  is  then  about  40",  and  the  breadth  of  the 
illuminated  part  nearly  10",  so  that  rather  less  than  {^  of  the  entire 
disc  is  illuminated,  but  this  fraction  transmits  more  light  than  do 
phases  of  greater  extent,  because  the  latter  correspond  to  greater 
distances  from  the  Earth.     A  Kg-  »4- 

lesser  extreme  of  brilliancy, 
due .  to  the  same  circum- 
stances less  favourably  carried 
out,  occurs  on  either  side  of 
the  Sun  at  intervals  of  about 
39  months.  The  planef  s  an- 
gular distance  from  the  Sun 
on  these  occasions  is  rather 
less  than  40°  (in  the  superior 
part  of  its  orbit):  its  phase 
therefore  corresponds  with  that 
of  the  Moon  11  and  17  davs 
old.  {SchrBttr.) 

Observations  of  Venus  in  the  daytime  were  first  made  at  a 
very  early  period ;  the  following  are  the  dates  of  a  few  instances : 
398,  984,  1008,  1014,  1077,  1380,  1363,  1715,  1750.    "Bouvard 
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has  related  to  me"  says  Arago,  " that  General  Bonaparte,  upon 
repairing  to  the  Luxembourg,  when  the  Directory  was  about  to 
g^ve  him  a  fete,  was  very  much  surprised  at  seeing  the  multitude 
which  was  collected  in  the  Rue  de  Toumon  pay  more  attention 
to  the  region  of  the  heavens  situate  above  the  palace  than  to 
his  person  or  to  the  brilliant  staff  which  accompanied  him.  He 
inquired  the  cause,  and  learned  that  these  curious  persons  were 
observing  with  astonishment,  although  it  was  noon,  a  star,  which 
they  supposed  to  be  that  of  the  conqueror  of  Italy ;  an  allusion  to 
which  the  illustrious  general  did  not  seem  indifferent  when  he 
himself  with  his  piercing  eyes  remarked  the  radiant  body.  The 
star  in  question  was  no  other  than  Venus  •/' 

The  dazzling  brilliancy  of  this  planet  makes  daytime  preferable 
for  observing  it,  but  under  the  best  of  circumstances  it  is  far  too 
glaring  to  permit  physical  observations  being  conveniently  made. 
J.  D.  Cassini  attacked  it  in  1667,  and  some  ill-defined  dusky  spots 
seen  on  various  occasions  during  April,  May,  and  June,  enabled 
him  to  assign  23^  16"^  for  its  axial  rotation.  Bianchini,  in  1726 
and  1727,  favoured  by  an  Italian  sky,  observed  spots  with  greater 
facility :  thence  he  inferred  a  rotation  performed  in  24  dajfs  8  hours. 
Sir  William  Herschel,  desirous  of  arriving  at  some  more  harmonious 
conclusion^  devoted  much  care  to  the  inquiry;  but  he  was  un- 
able to  assign  a  precise  period  beyond  generally  believing  •that 
Bianchini's  was  largely  in  excess  of  the  true  amount.  Sehrotcr,  by 
close  attention  to  certain  spots,  deduced  a  period  of  23^  21°*  7*98', 
which  Di  Yico  and  his  colleagues  at  Rome,  in  1-840-2,  only 
slightly  modified  to  23^  21™  23*93'.  ^®  °^y  *^^^  ^  assured 
that  the  period  of  the  axial  rotation  of  this  planet  is  known  to 
within  a  very  small  fhtction  of  the  whole. 

Sir  W.  HerschePs  opinion  of  the  spots  he  saw  was  that  they 
were  in  an  atmosphere,  and  did  not  belong  to  the  solid  body — an 
opinion  wanting  in  analogy,  and  now,  with  reason,  believed  to  be 
altogether  groundless,  for  Di  Vico  found  the  spots  just  as  de- 
lineated by  Bianchini.  The  Roman  observers,  6  in  number, 
displayed  great  diligence  in  the  matter,  and  Bianchini's  draw- 
ings, with  I  exception,  were  confirmed.     Of  the  6  observers,  the 

»  Pop.  Ast.t  vol.  i.  p.  701,  Eng.  ed. 
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most  successful  were  those  who  had  most  difficulty  in  catching 
very  minute  companions  to  large  stars,  the  reason  of  which  Webb 
points  out  to  be  obvious  enough.  A  very  sensitive  eye,  which 
would  detect  the  spots  more  readily,  would  be  more  easily  over- 
powered by  the  light  of  a  brilliant  star,  so  as  to  miss  a  very  minute 
one  in  its  neighbourhood. 

Mountains  probably  exist  on  Venus,  though  the  testimony  on 
which  the  statement  must  rest  is  not  quite  so  complete  as  could 
be  desired.  In  August  1 700  La  Hire,  observing  the  planet  in  the 
daytime  near  its  inferior  conjunction,  perceived  in  the  lower  region 
of  the  crescent  inequalities  which  could  only  be  produced  by  moun- 
tains higher  than  those  in  the  Moon.  To  the  same  effect  Derham, 
writing  in  1715.  Schroter  asserted  the  existence  of  several  high 
mountains,  in  which  he  was  confirmed  by  Beer  and  Madler.  but 
his  details  as  to  toises  must  be  accepted  with  great  reserve, 
amongst  other  reasons  because  it  is  doubtful  whether  his  micro- 
meters were  of  sufficient  delicacy.  Sir  W.  Herschel  disbelieved 
him  on  some  points,  and  attacked  him  in  the  Philosophical 
Transactions  in  1793*:  his  reply  was  published  in  the  volume  for 
the  year  but  one  after  ^ ;  it  was  calm  and  dignified,  and  vindicated 
the  mountains  if  not  the  measurements.  Di  Vico,  at  Rome,  in 
April  and  May  184T,  appears  to  have  noticed  a  surface-con- 
figuration akin  to  that  of  the  Moon.  A  bluntness  of  the  southern 
horn,  referred  to  by  Schroter,  was  also  seen  by  the  Roman 
astronomers,  and  often  by  Breen  subsequently  with  the  North- 
umberland telescope  at  Cambridge. 

That  Venus  has  an  atmosphere  is  generally  admitted ;  that  it  is 
of  considerable  density  is  likewise  an  opinion  apparently  well 
founded.  During  the  transits  of  1761  and  1769,  the  planet  was 
observed  by  several  persons  to  be  surrounded  by  a  faint  ring  of 
light,  such  as  an  atmosphere  would  account  for.  Schroter,  too, 
discovered  what  appeared  to  him  to  be  a  faint  crepuscular  light 
extending  beyond  the  cusps  of  the  planet  into  the  dark  hemisphere 
From  micrometrical  measures  of  the  space  over  which  this  light 
was  diffused  he  considered  the  horizontal  refraction  at  the  surface 
of  the  planet  to  amount  to  30'  34",  or  much  the  same  as  that  of 

^  PhU.  Trana.f  vol.  Ixxxiii.  •■  Ildd.,  vol.  Ixxxv. 
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the  Earth's  atmosphere.  Sir  W.  Herschel  confirmed  the  discovery 
as  a  whole  <i^  and  more  recently  (May  1849)  Madler  was  able  to  do 
the  same  with  the  mere  modification  of  making  the  amount  greater 
by  ^***,  or  equal  to  43*7'. 

The  existence  of  snow  at  the  poles  of  Venus  has  been  suspected 
by  Webb  and  Phillips^  but  the  idea  awaits  confirmation^  though 
there  is  no  prima  facie  reason  why  it  should  not  be  well  founded^ 
indeed  rather  the  reverse  is  the  case. 

A  phenomenon  analogous  to  the  lumiere  cendrSe,  or  '  ashy  lights' 
of  the  Moon  is  well  attested  in  observations  of  Venus  when  near 
inferior  conjunction.  Many  observers  have  noticed  the  entire 
contour  of  the  planet  to  be  of  a  dull  grey  hue  beyond  the  Sun- 
illumined  crescent.  Webb  uses  the  expression  the  pAospAorescence 
of  the  dark  side:  I  cannot  but  regard  this  as  rather  an  unhappy 
one^  for  phosphorescence  notably  conveys  the  idea  that  some 
inhere^it  light  is  spoken  of,  whereas  there  can  be  little  doubt  that 
reflection  is  in  some  way  or  other  the  cause  of  it ;  the  precise  mode 
it  may  be  difficult  at  present  to  specify®.  Derham  noticed  this 
appearance^  and  refers  to  it  in  his  book;  and  Schroter,  Sir  W. 
Herschel^  Di  Vico,  and  Guthrie'  are  amongst  those  that  have 
seen  it. 

The  peculiarity  about  Mercury's  phases  already  pointed  out  (the 
measured  breadth  being  different  from  the  calculated)  obtains  also 
with  Venus.  At  the  greatest  elongations^  the  line  terminating  the 
illumination  ought  to  be  straight  as  with  a  half-moon^  but  several 
observers  have  found  a  discrepancy  of  between  3  and  8  days 
between  the  first  or  last  appearance  of  the  dichotamisation,  accor- 
ding to  which  elongation  was  referred  to.  Thus^  at  the  westerly 
elongation  of  August  1793  Schroter  found  the  tei*minator  slightly 
concave^  and  not  straight  till  8  days  after  the  epoch  of  greatest 
elongation. 

During  the  last  and  the  preceding  centuries  testimony  was 
not  wanting  that  Venus  had  a  satellite^  but  nothing  has  been 
ascertained  about  it  in  recent  timesj  and  Webb^  with  great  pro- 

**  Phil,  Tratu^t  vol.  Izxxiii.  p.  314.  some  such  phenomenon  na  our  Aurora 
1793*  Borealis  seems  a  rather  poor  hypothesia 

*  The  supposition  of  the  existence  of  '  Month.  Not,  RA.S.,  voL  xiv.  p.  169. 
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priety^  calls  the  matter  "  an  astronomical  enigma/'  On  Jan.  25^ 
1672,  J.  D.  Cassini  saw  between  6^  52"  and  y^  2"  a.m.  a  small 
star  resembling  a  crescent^  like  Venus^  distant  from  the  southern 
horn  on  the  western  side  by  a  space  equal  to  the  diameter  of  Venus. 
On  Aug.  28, 1686^  at  4^  15"^  a.  h.^  the  same  experienced  observer  saw 
a  crescent-shaped  light  east  of  the  planet  at  a  distance  of  f  ^  of  its 
diameter.  Daylight  rendered  it  invisible  after  \  an  hour.  On 
Oct.  23,  1740  (o.  s.),  Short,  the  celebrated  optician,  with  2 
telescopes  and  4  different  powers,  saw  a  small  star  perfectly 
defined  but  less  luminous  than  the  planet,  from  which  it  was 
distant  10'  2".  On  4  different  occasions  between  May  3  and 
II,  1 761,  Montaigne,  at  Limoges,  saw  what  he  believed  to  be 
a  satellite  of  Venus.  It  presented  the  same  phase  as  the  planet, 
but  it  was  not  so  bright.  Its  position  varied,  but  its  diameter 
appeared  equal  to  i^  that  of  the  planet.  The  following  extract  is 
from  the  Dictionnaire  de  Physique,  a  French  work  published  in  1789. 
"  The  year  1761  will  be  celebrated  in  astronomy  in  consequence  of 
the  discovery  that  was  made  on  May  3  of  a  satellite  circulating 
round  Venus.  We  owe  it  to  M.  Montaigne,  member  of  the 
Society  of  Limoges,  who  observed  the  satellite  again  on  the  4*^ 
and  7*^  of  the  same  month.  M.  Baudouin  read  before  the 
Academy  of  Sciences  of  Paris  a  very  interesting  memoir,  in  which 
he  gave  a  determination  of  the  revolution  and  distance  of  the 
said  satellite.  From  the  calculations  of  this  expert  astronomer 
we  learn  that  the  new  star  has  a  diameter  about  i*^  that  of 
Venus,  that  it  is  distant  from  Venus  almost  as  far  as  the  Moon 
is  from  the  Earth,  that  its  period  is  9^  7^,  and  that  its  ascending 
node  is  in  the  22**^  degree  of  Virgo.''  Wonderfully  circumstantial ! 
In  March  1764  several  European  observers,  at  places  widely  apart, 
saw  a  supposed  satellite.  Bodkier,  at  Copenhagen,  on  March  3 
and  4,  saw  it :  Horrebow,  with  some  friends,  also  at'  Copenhagen, 
saw  it  on  the  10^^  and  1 1^^  of  the  same  month,  and  they  stated 
that  they  took  various  precautions  to  make  sure  there  was  no 
optical  illusion.  Montbaron,  at  Auxerre,  on  March  15,  28,  and 
29,  saw  the  satellite  in  sensibly  different  positions  «. 

8  Scheuten  says  he  saw  a  satellite  aooompany  Venus  across  the  Sun  during  the 
transit  of  1761.    See  AbI,  JahrhvLchf  1778. 
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This  is  the  plaintiff's  case^  if  I  may  use  such  an  expression :  on 
the  other  side  it  can  only  be  said  that  no  trace  of  a  satellite  has 
ever  been  seen  by  any  subsequent  observer  with  larger  telescopes. 
And  with  the  care  bestowed  on  Venus  by  Sir  W.  Herschel  and 
Schroter  during  so  many  years^  it  is  difficult  to  understand  that^  if 
it  existed^  they  should  not  have  seen  it  at  some  time  or  other. 

Lambert  combined  all  the  observations  in  a  very  tolerable  orbit  ^, 
hut,  as  Hind  points  oat  ^,  notwithstanding  its  agreement  with  the 
observations^  there  is  one  fatal  objection  to  it — if  it  were  correct, 
the  mass  of  Venus  would  be  lo  times  greater  than  what  other 
methods  shew  it  to  be,  namely  4  o  i^a  1 1  that  of  the  Sun.  Encke 
gives  4oia30>  Littrow  TirFffTT*  Madler  ttttttf^  and  Le  Verrier 
TTTmr*  There  are  several  methods  of  ascertaining  this  quantity, 
the  most  obvious  of  which  is  based  on  the  disturbing  influence 
exerted  by  Venus  on  the  Earth's  annual  motion. 

Venus  has  ever  been  regarded  as  an  interesting 'and  popular 
planet,  and  it  is  somewhat  remarkable  that  it  is  the  only  one 
whose  praises  are  sung  by  the  great  Greek  bard,  who  thus 
apostrophises  it: — 

This  refers  to  it  as  the  Evening  Star,  but  elsewhere  in  the  Iliad ' 
we  meet  with  it  in  its  other  function  of  the  ^Eaio-i^Jpo;,  to  which  the 
Latin  Lucifer  corresponds.  Some  have  thought,  and  not  without 
reason,  that  it  is  the  object  referred  to  in  Isaiah  xiv.  1 2. 

The  earliest  recorded  observations  of  Venus  date  from  —  685,  and 
appear  on  an  earthenware  tablet  now  in  the  British  Museum  °^. 

'^  Claudius  Ptolemy  has  preserved  for  us  in  his  Almagest  many 
observations  of  Venus  by  himself  and  other  astronomers  before 
him,  at  Alexandria  in  Egypt.  The  most  ancient  of  these  observa- 
tions is  dated  in  the  476*^  year  of  Nabonasser's  era  and  13*''  of  the 
reign  of  Ptolemy  Philadelphus,  on  the  night  of  the  17*^  of  the 
Egyptian  month  Messori,  when  Timocharis  saw  the  planet  eclipse 
a  star  at  the  extremity  of  the  wing  of  Virgo.     This  date  answers 


*  Bode*8  JoArbur^,  I777« 

^  Sol.  SyaLt  p.  «7. 

^  Homer,  Ilicui,  lib.  xxii.  v.  318. 


'   Lib.  xxiii.  v.  226.     Pythagoras  de- 
termined the  identity  of  the  two  **  Htars." 
«»  Month.  Not.  "ELAB.,  vol.  xx.  p.  319. 
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to  271  B.C.,  Oct.  I  a.  A.M.**''  As  this  was  not  a  telescopic  observa- 
tion, it  and  all  others  thus  recorded  before  telescopes  came  in  are 
open  to  this  uncertainty,  that  the  two  objects  may  merely  have 
been  in  juxta-position  so  as  to  have  appeared  as  one  without  actual 
tfwjp^r-position  taking  place.  The  recorded  occultation  of  Mercury 
by  Venus  on  May  17,  1737,  no  doubt  was  an  occultation  in  the 
strict  sense  of  the  word. 

The  interesting  discovery  of  the  phases  of  Venus  is  due  to 
Galileo®,  who  announced  the  fact  to  his  friend  Kepler  in  the 
following  logograph,  or  anagram  P: — 

**  Hec  immatura,  a  me,  jam  frostray  legtmtur.— oy." 
"  These  things  not  ripe  [for  disdosure]  are  read,  as  yet  in  vain,  by  me." 

Or,  as  another  interpretation  has  it — 

**  These  things  not  ripe ;  at  present  [read]  in  vain  [by  others]  are  read  by  me.*' 

The  "  me  ^'  in  the  former  case  being  the  ordinary  reader,  in  the 
latter,  Galileo.    This,  when  transposed,  becomes — 

"  Cynthise  figuras  semulatur  Mater  Amorum." 
**  The  Mother  of  Love  [Venus]  imitates  the  phases  of  Cynthia  [the  Moon]." 

To  the  mariner,  owing  to  its  rapid  motion,  Venus  is  a  useful 
auxiliary  for  taking  lunar  distances  when  continuous  bad  weather 
may  have  prevented  observations  of  the  Sun. 

In  computing  the  places  of  Venus  the  tables  of  Baron  De 
Lindenau,  formerly  used,  have  been  superseded  by  those  of  Le 
Verrier,  for  the  Astronomer  Royal,  since  publication  of  the  former, 
in  1 8 10,  has  discovered  a  long  inequality  affecting  the  heliocentric 
places  of  the  Earth  and  the  planet  to  a  very  sensible  amount. 
This  inequality  goes  through  all  its  changes  in  about  240  years, 
and  when  at  a  maximum  displaces  Venus  by  3"  and  the  Earth 
by  2",  as  viewed  from  the  Sun. 

•>  Hind,  Sol.  Syst.,  p.  32.  "  se  non  fe  vero,  h  ben  trovato."     Prof. 

^  It  was  one  of  the  objections  urged  De  Morgan  believes  the  anecdote  to  be 

to  Copernicus  against  his  theory  of  the  apocryphal.     {Phil,  Mag.,  vol.  xxxi.  p. 

solar  system  that  if  it  were  true  then  the  529  ^  seq.   1847.) 

inferior  planets  ought  to  exhibit  phases.  p  Opere  di  GaliUo,  vol.  ii.  p.  42.  Ed. 

He  is  said  to  have  yielded  assent,  adding  Padova,  1 744. 
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CHAPTER    VI. 


THE  EARTH.     © 


•( 


O  let  the  Earth  bless  the  Lord  :  yea,  let  it  praise  Him,  and  magnify  Him 

for  ever." — BenedicUe^ 


Period,  Ac— Figure  of  ike  EaHh,—Tke  EelipUe.—The  EquUioxee.—The  SoUticei,— 
JHmintUion  of  the  obliquity  of  tJie  ecliptic. — The  eccentricity  of  the  EartKe 
orbit. — Motion  of  the  Line  of  Apsides. — FamiUar  proofs  and  illustrations  of  the 
sphericity  of  the  Earth, — Madia's  tables  of  the  dwration  of  day  and  night  on 
the  Earth, — Opinion  of  ancient  philosophers. — English  mediaeval  synonyms. — The 
Zodiac. — Mass  of  the  Earth. 

rilHE  Earth  is  a  planet  in  all  essential  respects  similar  to 
-^  Venus  and  Mars^  its  nearest  neighbours;  but  as  we  are  on 
\if  it  is  needless  to  point  out  the  impossibility  of  treating  of  it  in 
the  same  way  as  we  treat  of  the  other  planets.  It  revolves  round 
the  Sun  in  365^  6^  9™  io*7%  at  a  mean  distance  of  91^30,000 
miles.  The  eccentricity  of  its  orbit  amounting  to  0*016^  this 
distance  may  either  extend  to  92^965^000  miles  or  contract  to 
89^894^000  miles. 

The  form  of  the  Earth  is  not  that  of  a  sphere^  but  that  of  an 
oblate  spheroid ;  like  many  and  probably  all  of  the  planets.  The 
following  table  gives  the  latest  and  most  authentic  results  relating 
to  it. 


Ainr^ 

Bessel^ 

Polar  Diameter 

Equatorial  Diameter 

Absolute  Difference 

Excess    of  the  Equatorial,   ex- 
pressed as  a  fraction  of  the 
entire  length      

• 

Milei. 

7899*170 
7925648 

96*478 

Mllea. 
7899-114 

79a5-6o4 

96*490 

S  9  0^1 0  S 

•  Encyd.  Metrop.,  Art.  Fig.  of  Earth. 


^  Ast.  Nath.,  Kos.  333-5,  438. 
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The  close  ooineideiice  between  these  results  supplies  a  good 
guarantee  of  the  accuracy  of  both^  and  is  noticeable  as  an  illus- 
tration of  the  precision  arrived  at  in  the  working  out  of  such 
problems^  the  difference  between  the  two  valuations  of  the 
equatorial  diameter  being  only  77  yards.  If  we  represent  the 
Earth  by  a  sphere  i  yard  in  diameter  the  polar  diameter  will 
be  3^^^  of  an  inch  too  long. 

Further^  it  has  been  recently  suspected  that  the  equatorial 
section  of  the  Earth  is  not  truly  circular,  but  elliptical — ^that 
the  equatorial  diameter,  which  pierces  the  Earth  through  the 
meridians  14''  23'  and  194''  23'  E.  of  Ghreenwich,  is  2  miles  longer 
than  the  diameter  at  right  angles  to  it. 

A  consideration  of  the  method  in  which  these  investigations 
are  conducted  does  not  fail  within  the  scope  of  the  present  sketch, 
but  in  Lardner's  Astromamg  the  subject  is  handled  with  much 
clearness  ^. 

The  great  circle  of  the  heavens  apparently  described  by  the 
Sun  every  year  (owing  to  our  revolution  round  that  body)  is 
called  the  ecliptic  ^,  and  its  plane  is  usually  employed  by  as- 
tronomers as  a  fixed  plane  of  reference.  The  Earth's  equator, 
prolonged  in  the  direction  of  the  fixed  stars,  originates  the 
equator  of  the  heavens,  the  plane  of  which  is  inclined  to  the 
ecliptic  at  an  angle  which  on  Jan.  i,  1866  amoimted  to  23°  27'  24*21'', 
which  angle  is  known  as  the  obliquity  of  the  ecliptic.  It  is 
this  inclination  which  gives  rise  to  the  vicissitudes  of  the  seasons 
during  our  annual  journey  round  the  Sun.  The  two  points  where 
the  celestial  equator  intersects  the  ecliptic  arc  called  the  equi- 
noxea^;  the  points  midway  between  these  being  the  solstices^. 
It  is  firom  the  vernal  (or  spring)  equinox  that  right  ascensions 
are  measured  along  the  equator,  and  longitudes  along  the 
ecliptic.  The  obliquity  of  the  ecliptic  is  now  slowly  decreasing 
at  the  rate  of  about  48"  in  100  years.     "It   will   not  always, 

*  Pftg^  42  et  aeq.  '  From  $ol  the  Sun,  and  stare  to  stand 
d  « 'Hie  line  of  ecUpsefl.'*                             still ;  because  the  Sun  when  it  has  reached 

*  From  cequus  equal,  and  nox  a  night ;  these  neutral  points  has  attained  its 
becaose  when  the  Sun  is  at  these  points,  greatest  declination  N.  or  S.  as  the  case 
daj  and  night  are  theoretically  equal  may  be.  In  1 866  this  occurred  on  June 
throughout  the  world.  In  1866  this  oc>  11  at  4I*  33™,  and  Dec.  31  at  la^  49'^. — 
cnrred  on  March  30  and  Sept.  22.  G.  M.  T. 
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however,  be  on  the  decrease;  for  before  it  can  have  altered  1^° 
the  cause  which  produces  this  diminution  must  act  in  a  contrary 
direction,  and  thus  tend  to  increase  the  obliquity.  Consequently 
the  change  of  obliquity  is  a  phenomenon  in  which  we  are  con- 
cerned only  as  astronomers,  since  it  can  never  become  suflSciently 
great  to  produce  any  sensible  alteration  of  climate  on  the  Earth's 
surface.  A  consideration  of  this  remarkable  astronomical  fact 
cannot  but  remind  us  of  the  promise  made  to  man  after  the 
Deluge,  that  ^  while  earth  remaineth,  seedtime  and  harvest,  and 
cold  and  heat,  and  summer  and  winter,  and  day  and  night  shall 
not  cease.'  The  perturbation  of  obliquity  consisting  merely  of 
an  oscillatory  motion  of  the  plane  of  the  ecliptic,  which  will  not 
permit  of  its  [inclination]  ever  becoming  very  great  or  very  small, 
is  an  astronomical  discovery  in  perfect  unison  with  the  declaration 
made  to  Noah,  and  explains  how  effectually  the  Creator  had  or- 
dained the  means  for  carrying  out  His  promise,  though  the  way 
it  was  to  be  accomplished  remained  a  hidden  secret  until  the  great 
discoveries  of  modern  science  placed  it  within  human  compre- 
hension K.'' 

It  is  stated  by  Pliny  that  the  discovery  of  the  obliquity  of 
the  ecliptic  is  due  to  Anaximander,  a  disciple  of  Thales,  who 
was  bom  in  6io  b.  c.  Other  authorities  ascribe  it  to  Pythagoras 
or  the  Egyptians,  while  Laplace  believes  that  observations  for 
the  determination  of  this  angle  were  made  by  Tcheou-Kong  in 
China  not  less  than  iioo  years  before  the  Christian  era'^.  The 
accord  between  the  various  determinations  ancient  and  modem 
is  very  remarkable,  and  indicates  the  great  care  bestowed  by 
the  astronomers  of  antiquity  on  their  work. 

The  eccentricity  of  the  Earth's  orbit  amounts  (to  be  more 
precise  than  above)  to  0'0i679i7,  and  it  is  subject  to  a  very 
small  diminution,  not  exceeding  0*000041  in  a  period  of  100 
years.  Supposing  the  change  to  go  on  continuously,  the  Earth's 
orbit  must  eventually  become  circular;  but  we  are  enabled  to 
prove  by  the  theory  of  attraction  that  this  progressive  diminution 
is  only  to  proceed  for  a  certain  interval  of  time;  and  though 
we  are  not  yet  in  a  position  to  assign  any  very  definite  limits 

«  Hind,  Sol  Fysf.,  p.  33.  *»  Conn.  de4  Tttnps.    1811. 
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to  the  oscillations^  yet  we  know  that  after  the  lapse  of  some 
thousands  of  years,  the  eccentricity  will  become  stationary  for 
a  time,  and  then  increase  again;  and  that  unless  some  external 
cause  of  perturbation  arise,  these  variations  must  continue 
throughout  all  ages,  within  certain  not  very  wide  though  as 
yet  undetermined  limits. 

The  line  of  apsides  is  subject  to  an  annual  direct  change  of 
1 1 '29",  independent  of  the  effects  of  precession  (to  be  described 
hereafter);  so  that,  allowing  for  the  latter  cause  of  disturbance, 
the  annual  movement  of  the  apsides  may  be  taken  at  about  i'. 
One  important  consequence  of  this  motion  of  the  major  axis  of 
the  Earth's  orbit  is  the  variation  in  the  lengths  of  the  seasons 
at  different  periods  of  time.  In  the  year  4089  B.C.,  or,  singularly 
enough,  near  the  supposed  epoch  of  the  Creation,  the  longitude 
of  the  Sun's  perigee  coincided  with  the  vernal  equinox ;  so  that 
the  summer  and  autumn  quarters  were  of  equal  length,  but  longer 
than  the  winter  and  spring  quarters,  which  were  also  equal.  In 
the  year  1250  a.d.  the  perigee  coincided  with  the  winter  solstice; 
the  spring  quailer  was  therefore  equal  to  the  summer  one,  and 
the  autumn  quarter  to  the  winter  one,  the  former  being  the 
longest.  In  the  year  6589  a.d.  the  perigee  will  have  completed 
half  a  revolution,  and  will  then  coincide  with  the  autumnal 
equinox;  summer  will  then  be  equal  to  autumn,  and  winter  to 
spring ;  the  former  seasons,  however,  being  the  shortest.  In  the 
year  11928  a.d.  the  perigee  will  have  completed  three-fourths 
of  a  revolution,  and  will  then  coincide  with  the  summer  solstice; 
autumn  will  then  be  equal  to  winter,  but  longer  than  spring  and 
summer,  which  will  also  be  equal.  And  finally  in  the  year 
17267  A.D.  the  cycle  will  be  completed  by  the  coincidence,  for 
the  first  time  since  the  creation  of  the  world,  of  the  solar 
perigee  with  the  vernal  equinox. 

It  is  not  a  very  easy  matter  in  treating  of  the  Earth  to  de- 
termine where  astronomy  ends  and  geography  begins;  and  a 
brief  allusion  to  the  means  available  for  deciding  the  form  of 
the  Earth  seems  all  that  it  is  now  necessary  to  add.  We  learn 
that  the  Earth  is  a  sphere  (or  nearly  so)  by  the  appearance 
presented   by  a  ship  in  receding  from  the   sj)ectat()r  :    first    the 

F  2 
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hull  disappears^  then  the  lower  parts  of  the  rigg^ng^  and  finally 
the  top  nuusts.  The  shadow  cast  by  the  Moon  during  a  lunar 
eclipse^  and  the  varying  appearances  of  the  consteUations  as  we 
proceed  northwards  or  southwards^  are  amongst  the  other  more 
obvious  indications  of  the  Earth's  globular  form. 

The  following  table  of  the  lengths  of  days  in  different  latitudes 
I  cite  from  Madler : — 


o            / 

Hours. 

0        / 

Hours. 

o     o     

12 

6548        . 

22 

i<5  44    

^3 

66  ai     .. 

^3 

30  48     

14 

66  32    .. 

H 

41  24    

«5 

67  23     . 

I  month 

49    *     

,    16 

69  51     . 

a    » 

54  31     

.     '7 

73  40     • 

3    » 

58  *7     

.     18 

78  11     .. 

4    >, 

61  19     

'9 

84    5     .• 

5    » 

63  23     

.    30 

90    0    .. 

6    „ 

64  50    

.     21 

The  8646  hours  which  make  up  a  year  are^  according  to  Madler^ 
thus  distributed : — 


At  the  Equator. 

4348  hours  Day, 

852      „      Twilight, 
3446      „      Night. 


At  the  Poles. 

4389  hours  Day, 
2370      „      Twilight, 
1 887      „      Night. 


Among  the  ancients,  Aristarchus  of  Samos  and  Philolaiis  main- 
tained that  not  only  did  our  globe  rotate  on  its  own  axis,  but 
that  it  revolved  round  the  sun  in  12  months*.  Nicetas  of  Sy- 
racuse is  also  mentioned  as  a  supporter  of  this  doctrine^.  The 
Egyptians  taught  the  revolution  of  Mercury  around  the  Sun^; 
and  ApoUonius  PergsBus  assigned  a  similar  motion  to  Mars, 
Jupiter,  and  Saturn:  but  I  am  dig^ssing.  Hesiod  states  that 
the  Earth  is  situated  half-way,  exactly,  between   Heaven  and 


1  Archimedes,  In  Arenario;  Plutarch, 
De  PUtcii.  PhUot,,  lib.  ii.  cap.  14 ;  Diog. 
Laert.  In  PkUolao, 


k  Cicero,  Acad,  Qnei^,  lib.  ii.  cap.  39. 
1  Macrobius,  OommeiU.  in  Somn,  Scip., 
lib.  i.  cap.  19,  and  others. 
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Tartarus"*.  Our  ancestors  300  or  400  years  ago  termed  the 
ecliptic  the  "  thwart  circle ; ''  the  meridian^  the  ''  noonsteede 
circle;'*  the  equinoxial,  "the  girdle  of  the  sky;"  the  Zodiac^ 
"the  Bestiary/'  and  "our  Lady's  waye."  The  origin  of  the 
division  of  the  zodiac  into  constellations  is  lost  in  obscurity. 
Though  commonly  attributed  to  the  Greeks^  it  now  seems  certain 
that  the  custom  is  of  much  earlier  date;  and  is  possibly  due  to 
the  ancient  Hindi!ls  or  the  Chinese,  in  whose  behalf,  however,  a 
claim  to  prior  knowledge  is  always  put  in,  whenever  we  Europeans 
£Eincy  that  we  have  made  a  discovery. 

The  following  are  recent  values  of  the  mass  of  the  Earth 
compared  with  that  of  the  Sun : — ^Encke  TstSxTj  Littrow  zihoo> 
Madler  -^rhwi  and  Le  Verrier  yninnr* 

in  '*  From  the  high  heaven  a  brazen  anvil  cast, 

Nine  days  and  nights  in  rapid  whirls  would  last, 

And  reach  the  Earth  the  tenth  ;  whence  strongly  hurl'dy 

7^  iome  the  postage  to  th*  infernal  world" 

Hesiod,  Theogonia,  ver.  721. 
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CHAPTER    VII. 

THE   MOON.      (L 

Period,  ^e.—IU  PhaM».—Iti  moUm*  and  their  compUxiiy—Libration.^Eveclion.-' 
Vari(UUm.—PaTaJUaeUc  ineqiMUty.— Annual  equation.— Secular  aeeeleraUon.'- 
Diversified  character  of  the  Moon^s  surface. — Lunar  mountains. — Seas^ — Craters. — 
Volcanic  character  of  the  Moon. — Lunar  atmosphere. — Researches  of  Schr^ter,  <fcc. — 
Hansen's  curious  speculation.— The  Earth-shine.— The  Harvest  Moon.— Astronomy 
to  an  observer  on  the  Moon. — Luminosity  and  ealor^  rays. — Historical  notices 
as  to  the  progress  of  Lunar  Chartography. 

THE  Moon,  as  the  Earth's  satellite,  is  to  us  the  most  important 
of  the  secondary  planets,  and  will  therefore  receive  a  some- 
what detailed  notice. 

The  Moon  revolves  round  the  Earth  in  2^^  ^^  43™  ii-46i%  at  a 
mean  distance  of  238,833  miles.  The  eccentricity  of  the  Moon's 
orbit  amounting  to  0*0549,  it  may  recede  from  the  Earth  to  a 
distance  of  251,947  miles,  or  approach  it  to  within  225,719  miles. 
Its  apparent  diameter  varies  between  29'  21"  and  33'  31",  the 
mean  value  being  31'  26".  It  will  serve  to  fix  this  in  the  memory 
to  say  that  the  apparent  diameter  is  the  same  as  the  Sun's,  and 
equals  \  a  degree.  The  real  diameter,  according  to  Madler,  is 
2159*6,  according  to  Wichmann  2162  English  miles.  Recent  re- 
searches shew  that  these  values  are  too  great ;  and  that  a  correction 
of  about  2"  according  to  Airy,  or  of  2*15''  according  to  De  La  Rue, 
must  be  applied  to  the  measured  arcual  diameter  of  the  Moon,  to 
allow  for  the  exaggeration  of  its  dimensions  by  irradiation.  This 
reduction  amounts  to  about  2  miles.  The  most  delicate  measure- 
ments indicate  no  compression. 

The  Moon  has  phases  like  the  inferior  planets,  and  of  the  various 
influences  ascribed  to  it  that  which  results  in  the  tides  of  the 
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tbe  ocean  is  the  most  important,  and  in  another  Book  this  subject 
will  be  treated  at  greater  length. 

The  motions  of  the  Moon  are  of  a  very  complex  character:  they 
have  lai^ly  occupied  the  attention  of  astronomers  during  all  ages, 
and  only  within  a  recent  period  can  vif.  15. 

they  be  said  to  have  been  mastered. 

Speaking  generally,  we  may  say 
that  the  same  hemisphere  of  the 
Mood  is  always  turned  towards  us ; 
and  although  this  is,  in  the  main, 
correct,  yet  there  are  certain  small 
variations  at  the  edge  which  it  is 
necessary  to  notice.  The  Moon's 
axis,  although  nearly,  is  not  exactly 
perpendicular  to  the  plane  of  its 
orbit,  deviating  therefrom  by  an 
angle  of  i'  32'  9"  (Wichmunn) ; 
owing  to  this,  the  two  poles  of  the  Moon  lean  to  and  from  the 
Earth  alternately.  When  the  north  pole  leans  towards  the  Earth 
we  see  somewhat  more  of  the  region  surrounding  it,  and  somewhat 
less  when  it  leans  the  contrary  way;  this  is  known  as  libralion  in 
iatUude*.  The  extent  of  the  displacement  in  this  direction  is 
6°  47',  In  order  that  the  same  hemisphere  should  be  continually 
turned  towards  us,  it  would  be  necessary  not  only  that  the  time  of 
the  Mood's  rotation  on  its  axis  should  be  equal  to  the  time  of  its  re- 
volution in  its  orbit,  but  that  its  angular  velocity  on  its  axis  should, 
in  every  part  of  its  course,  exactly  equal  its  angular  velocity  in  its 
orbit.  This,  however,  is  not  the  case,  for  its  angular  velocity  in  its 
orbit  is  subject  to  a  slight  variation,  and  in  consequence  of  this 
a  little  more  of  its  eastern  or  western  edge  is  seen  at  one  time  than 
another;  this  is  known  as  the  llbration  in  longitude,  and  was 
discovered  by  Hevelius,  who  published  an  account  of  it  in  the 
year  1647  *.  The  extent  of  the  displacement  in  longitude  is  7°  53'. 
A  concurrence  of  this  and  the  former  one  makes  a  total  displacement 
amounting  to  10°  24'.     On  account  of  the  diurnal  rotation  of  the 

*  Libram  ewinging.  ^  Stttriograjikia. 


72  The  Sun  and  Planets.  [Book  I. 

Earthy  we  view  the  Moon  nnder  somewhat  different  circumstances 
at  its  rising  and  at  its  setting,  according  to  the  latitude  of  the 
Earth  in  which  we  are  placed.  By  thus  viewing  it  in  different 
positions,  we  see  it  under  different  aspects;  this  gives  rise  to 
another  phenomenon,  the  diurnal  libration,  the  maximum  value 
of  which  is  only  32". 

This  periodical  variation  in  the  visible  portion  of  the  Moon's  disc 
seems  to  have  been  first  remarked  by  Ghdileo — a  discovery  very 
creditable  to  him  when  we  consider  the  inefficient  materials  with 
which  he  worked.  According  to  Arago>  the  various  Ubrations 
enable  us  to  see  altogether  ^^  of  the  Moon's  sur&ce,  the  portion 
always  invisible  amounting  only  to  ^\^  of  the  same. 

The  following  account  of  the  chief  perturbations  in  the  motion 
of  the  Moon  is,  in  the  main,  abridged  from  that  invaluable 
repertory  of  astronomical  facts,  Mr.  Hind's  Solar  System. 

1.  The  erection  depends  on  the  angtdar  distance  of  the  Moon 
from  the  Sun,  and  the  mean  anomaly  of  the  former.  It  diminishes 
the  equation  of  the  centre  in  the  syzygies  and  increases  it  in  the 
quadratures,  increasing  or  diminishing  the  Moon's  mean  longitude 
by  I**  2o\  Period,  about  31*  19^  30".  Discovered  by  Ptolemy, 
but  previously  suspected  by  Hipparchus. 

2.  The  variation  depends  solely  on  the  angular  distance  of  the 
Moon  from  the  Sun.  Its  effect  is  greatest  at  the  octants,  and 
disappears  in  the  syzygies  and  quadratures,  the  longitude  of  the 
Moon  being  altered  thereby  37'  when  at  a  maximum.  Period, 
half  a  synodical  revolution,  or  about  14'  18^.  Its  discovery  is 
usually  ascribed  to  Tycho  Brahe,  but  Sedillot  and  others  daim 
it  for  Abill  Wefa,  who  Uved  in  the  9th  century.  It  was  the  first 
lunar  inequality  explained  by  Sir  I.  Newton  upon  the  theory  of 
gravitation. 

3.  The  parallactic  inequality  arises  fix)m  the  sensible  difference 
in  the  disturbing  influence  exerted  by  the  Sun  on  the  Moon, 
according  as  the  latter  is  in  that  part  of  its  orbit  nearest  to, 
or  most  removed  &om,  the  Sun.  At  its  maximum  it  alters  the 
Moon's  longitude  about  a^  Period,  one  synodical  revolution,  or 
2g^  1 2^  44™. 

4.  The  annual  equation  is  that  inequality  in  the  Moon's  motion. 
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which  results  from  the  variation  in  the  velocity  of  the  Earthy 
caused  by  the  eccentricity  of  its  orbit.  At  its  maximum  the 
Moon's  longitude  is  altered  by  ii'  lo''.  Period^  one  anomalistic 
solar  year,  or  365*  &^  13™  49'3'. 

5.  The  secular  acceleration  of  the  Moon's  mean  motion  is 
caused  by  the  diminution  in  the  eccentricity  of  the  Earth's  orbit 
which  has  been'  going  on  for  many  centuries^  as  has  already  been 
pointed  out.  At  present  the  mean  motion  of  the  Moon  is  being 
increased  at  the  rate  of  rather  more  than  10'^  every  100  years. 
This  inequality  was  detected  by  Halley  in  1693  from  a  comparison 
of  the  periodic  time  of  the  Moon^  deduced  &om  Chaldean  obser- 
vations of  edipsesj  made  at  Babylon  in  the  years  720  and  719  b.c.^ 
and  Arabian  observations  made  in  the  8th  and  9th  centuries  a.]). 
Laplace  first  reasoned  out  and  thoroughly  explained  the  theory  of 
the  inequality.  From  what  has  been  said  in  the  previous  chapter 
it  is  evident  that  at  some  future  though  far  distant  peribd  of  time 
this  inequality  will  become  a  secular  retardation. 

Hansen  has  brought  to  lights  within  the  last  few  yearsj  two  other 
inequalities^  due^  the  one  directly  and  the  other  indirectly^  to  the 
influence  of  Venus.  When  these  are  taken  into  account  it  is 
found  that  the  position  of  the  Moon  deduced  firom  theory  is  almost 
precisely  the  same  as  that  obtained  by  direct  observation,  and 
therefore  we  are  at  liberty  to  assert  that  our  knowledge  of  the 
Moon's  motion  is  almost  perfect. 

When  examined  with  the  naked  eye  the  Moon  presents  an 
irregular  mottled  appearance ;  this  arises  from  our  satellite  being 
unequally  reflective.  The  telescope  also  shews  numerous  moun- 
tains and  valleys  on  its  surface,  as  was  discovered  by  Galileo. 
The  proof  of  the  existence  of  these  is  found  in  the  shadows  cast 
by  the  high  peaks  on  the  surrounding  plains,  when  the  Sun 
shines  obliquely;  these  shadows  disappear^  however,  at  the  full 
phase,  as  the  Sun  then  shines  perpendicularly  on  the  Moon's 
surface.  Between  the  times  of  new  and  full  Moon  the  boundary 
line  of  the  illuminated  portion  (often  called  the  terminator) 
has  a  rough  jagged  appearance:  this  is  caused  by  the  Sun's 
light  falling  first  on  the  summits  of  the  peaks,  the  surrounding 
valleys  and  declivities  being  still  in  shade;  thus  a  disconnected 
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form  is  given  to  the  whole  edge,  to  which  is  due  the  jagged  aspect 
above  referred  to. 


r  TBI  HooH'a  Susfaci  o 
S.K  Of  Ttoho.    {A'aimgth.) 


Most  of  the  lunar  mouatains  have  received  names,  chiefly  thoee 
of  men  eminent  in  science,  both  ancient  and  modern.  Riccioli 
proposed  this  nomenclature  as  preferable  to  that  of  Hevelius,  who 
adopted  t«rrestrial  geographical  names.     The  Fruseian  astronomers 
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Beer  and  Madler,  the  selenographers  to  whom  we  owe  most,  have 
measured  the  heights  of  1095  lunar  elevations,  several  of  which 
exceed  20,000  feet. 

Crrey  plains,  or  seas,  analogous  probably  to  our  '*  steppes''  and 
prairies,  form  another  noticeable  feature  in  the  topography  of  the 
Moon.  They  were  called  seas  from  their  supposed  nature,  but 
though  the  opinion  is  overthrown  the  appellation  remains  for 
convenience'  sake. 

The  crater  mountains  are  by  far  the  most  carious  objects  shewn 
by  the  telescope.  These  are  of  volcanic  origin,  and  usually  consist 
of  a  basin  with  a  conical  elevation  rising  from  the  centre.  Their 
outline  is  commonly  circular,  but  oblique  view  generally  gives 
them  an  apparently  elliptical  contour.  Their  immediate  formation 
is  probably  due  to  the  escape  of  gases  from  the  interior  of  the 
Moon  when  that  body  was  in  a  semi-fluid  state,  as  it  is  conceived 
once  to  have  been.  The  effect  of  the  passage  of  air  through  a 
semi-fluid  substance  may  be  seen  in  the  case  of  lime  slaked 
by  builders  for  fine  plastering,  when  the  air-bubbles,  having  forced 
their  way  upwards  to  the  sur&ce  and  burst,  leave  an  aperture 
rising  in  a  cone,  forming  a  perfect  imitation  of  many  lunar  craters. 
Several  observers  who  have  noticed  a  mountain  named  Aristarchus 
have  fancied  it  to  be  a  volcano  in  action.  It  is  now  generally 
understood  that  the  faint  illumination  discerned  on  the  summit 
was  merely  due  to  '*  Earth-shine,"  but,  in  the  words  of  Sir 
J.  Herschel,  '' decisive  marks  of  volcanic  stratification,  arising 
from  successive  deposits  of  ejected  matter,  and  evident  indications 
of  lava  currents  streaming  outwards  in  all  directions,  may  be  clearly 
traced  with  powerful  telescopes.  In  Lord  Rosse's  magnificent 
reflector  the  flat  bottom  of  the  crater  called  Albategnius  is  seen  to 
be  strewed  with  blocks,  not  visible  in  inferior  telescopes,  while  the 
exterior  ridge  of  another  (Aristyllus)  is  all  hatched  over  with  deep 
gullies  radiating  towards  its  centre  ®." 

A  systematic  topographical  description  of  the  Moon  would  be 
entirely  beyond  the  compass  of  this  work,  and  there  is  the  less 
occasion  for  it  as  that  by  the  Rev.  T.  W.  Webb^  is  a  very  exhaustive 

^  OiUUntt  of  AH,,  p.  183.  *  Cdett.  Obj.,  pp.  46-104. 
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one.  The  works  of  Hind  •  and  Arago  '  also  contain  briefer  accounts. 
The  subject  has  never  received  much  attention  in  England. 

The  question  as  to  whether  or  not  the  Moon  has  an  atmosphere  K 
is  at  present  rather  an  open  one.  Schroter  considered  that  there 
was  one,  but  he  estimated  the  height  at  only  5376  feet,  and 
Laplace  thought  it  to  be  more  attenuated  than  the  vacuum  of  an 
air-pump.  Schroter  arrived  at  his  conclusion  by  following  up  a 
remark  of  Auzout's  ^,  that  if  the  Moon  had  an  atmosphere  the  phe- 
nomenon of  twilight  would  in  consequence  present  itself.  He 
was  at  length  able  to  determine  that  when  the  Moon  exhibited 
a  very  slender  crescent,  a  faint  crepuscular  light,  extending  from 
each  of  the  cusps  along  the  circumference  of  the  unenlightened 
portion  of  the  disc  to  a  distance  of  i'  20"  could  be  perceived; 
its  greatest  breadth  was  %'\  He  thence  inferred  the  height  of  the 
atmosphere  to  be  only  0*94",  corresponding  to  the  5376  feet  given 
above '.  The  Moon  would  describe  this  arc  in  less  than  two  seconds 
of  time,  and  this  circumstance  was  adduced  by  Schroter  as  an 
explanation  of  the  difficulty  attending  its  direct  detection  during 
eclipses  and  occultations.  Sir  J.  Herschel  considers  that  we  are 
entitled  to  conclude  the  non-existence  of  any  atmosphere  at  the 
Moon's  surface  dense  enough  to  cause  a  refraction  of  i",  i,  e. 
having  tAtt*^  t-he  density  of  the  Earth's  atmosphere  ^.  Both  Beer 
and  Madler  thought  that  the  Moon  has  an  atmosphere,  but  that 
it  is  trifling,  owing  to  the  smallness  of  the  planet's  mass  ;  and  they 
also  say,  "It  is  possible  that  this  weak  envelope  may  sometimes, 
through  local  causes,  dim  or  condense  itself," — an  idea  which,  if 
proved,  would  go  far  to  clear  up  many  of  the  conflicting  details  of 
occultation  phenomena. 

"Professor  Hansen  has  recently  started  a  curious  theory  from 
which  he  concludes  that  the  hemisphere  of  the  Moon  which  is 
turned  away  from  the  Earth  may  possess  an  atmosphere.  Having 
discovered  certain  irregularities  in  the  Moon's  motion,  whicli  he 
was  unable  to  reconcile  with  theory,  he  was  led  to  suspect  that 

*  Sol.  Syst.f  p.  48  ef  seq,  ^  Mhn,  Acad,  du  Sciences,  vol.  vii.  p. 

'  Pop.  A  tt. ,  vol.  ii.  p.  2 58  et  seq.  Eng.  ed.  106. 

K  See  an  important  memoir  by  Bessel  *  Phil.  Trans.,  vol.  Ixxxii.  p.  354.  1 792. 

in  Ast.  Nach.,  vol.  xi.  p.  41 1.    July  16,  ^  Ovilines  of  Aet.,  p.  284. 

1834. 
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they  might  arise  from  the  centre  of  gravity  of  the  Moon  not 
coinciding  with  her  centre  of  figure.  Pursuing  this  idea,  he  found 
upon  actual  investigation  that  the  irregularities  would  be  almost 
wholly  accounted  for  by  supposing  the  centre  of  gravity  to  be 
situated  at  a  distance  of  1740  miles  beyond  the  centre  of  figure. 
Assuming  this  hypothesis  to  be  well-founded,  Professor  Hansen 
remarks  that  the  hemisphere  of  the  Moon  which  is  turned  to- 
wards the  Earth  is  in  the  condition  of  a  high  mountain,  and 
that  consequently  we  need  not  be  surprised  that  [little  or]  no 
trace  of  an  atmosphere  exists;  but  that  on  the  opposite  hemi- 
sphere, the  surface  of  which  is  situated  beneath  the  mean  level, 
we  have  no  reason  to  suppose  that  there  may  not  exist  an 
atmosphere,  and  consequently  both  animal  and  vegetable  life  ^/^ 

For  a  few  days,  both  before  and  after  new  Moon,  an  attentive 
observer  may  ofl^n  detect  the  outline  of  the  unilluminated  portion 
without  much  difficulty.  This  lustre  is  the  light  reflected  on  the 
Moon  by  the  Earth — ''Earth-shine''  in  fact;  the  French  call  it 
la  lumiere  cendrSe,  following  the  Latin  lumen  incinerosum,  or  the 
ashy  light.  In  England  it  is  popularly  known  as  ''  the  old  Moon 
in  the  new  Moon's  arms."  This  light  is  stronger  during  the 
waning  of  the  Moon  than  at  any  other  time ;  as  was  noticed 
by  Gralileo,  whose  opinion  was  confirmed  by  Hevelius  and  other 
more  modern  astronomers.  Hevelius  remarked,  moreover,  that  in 
the  waning  Moon  the  illumination  is  less  intense  than  when  the 
phases  are  increasing — a  fact  which  would  seem  to  indicate, 
as  Arago  has  pointed  out",  that  the  western  part  of  the  lunar 
disc  is  on  the  whole  better  adapted  for  reflecting  the  solar  rays 
than  the  eastern  part;  assuming  this  to  be  true,  an  obvious  ex- 
planation is  furnished  for  the  fact  that  the  EaiH;h-shine  is  more 
luminous  before  the  new  Moon  than  after  it. 

The  Harvest  Moon  is  the  name  given  to  that  full  Moon  which, 
preceding  °  the  autumnal  equinox,  falls  nearest  to  it ;  as  our  satel- 
lite then  rises   almost   at  the   same   time   on   several  successive 

1  Note    by    translator,   Arago's   Pop,  ing  word  "  preceding ;"  but  it  seems  to 

Ast.,  vol.  ii.  p.  376,  £ng.  ed.  me  that  common  sense  (and,  as  I  should 

™  Arago,  Pop.  Ait.,  vol.    ii.   p.    300,  suppose,  actual  feet)  requires  the  qualify- 

Eng.  ed.  ing  prefix,  because  we  do  not  in  England 

"  Many  writers  say  simply  **  nearest  to  associate  the  month  of  October  with  the 

the  autumnal  equinox/'  without  the  limit-  time  of  harvest. 
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evenings,  besides  making  its  appearance  at  points  of  the  horizon 
most  widely  apart,  it  is  of  much  assistance  to  the  farmer  at 
that  important  period  of  the  year.  In  the  words  of  Ferguson, 
''  The  farmers  gratefully  ascribe  the  early  rising  of  the  full  Moon 
at  that  time  of  the  year  to  the  goodness  of  God,  not  doubting 
that  He  had  ordered  it  so  on  purpose  to  give  them  an  immediate 
supply  of  moonlight  after  sunset,  for  their  greater  conveniency 
in  reaping  the  fruits  of  the  Earth®/'  Although  this  near  coin- 
cidence in  several  successive  risings  of  the  Moon  takes  place  in 
every  lunation  when  our  satellite  is  in  the  signs  Pisces  and  Aries, 
yet  the  phenomenon  is  only  prominently  noticeable  when  it  is 
full  in  these  signs,  which  only  occurs  in  August  and  September, 
and  when  the  Sun  is  in  Virgo  or  Libra.  The  rationale  of  the 
harvest  Moon  is  this : — Suppose  the  Moon  to  be  full  on  the 
day  of  the  autumnal  equinox;  the  Sun  is  then  entering  Libra, 
and  the  Moon,  Aries;  the  former  setting  exactly  in  the  west, 
the  latter  rising  exactly  in  the  east:  the  southern  half  of  the 
ecliptic  is  then  entirely  above  the  horizon,  and  the  northern  half 
entirely  below,  and  the  ecliptic  itself  makes  the  least  possible 
angle  with  the  horizon.  The  Moon  in  then  advancing  13%  or 
one  day's  portion,  in  its  orbit  (which  is  but  slightly  inclined  to 
the  ecliptic)  will  become  less  depressed  below  the  horizon,  and 
will  therefore  have  a  less  hour-angle  to  traverse  by  the  diurnal  mo- 
tion after  sunset  that  it  may  come  into  view  the  next  night  than 
at  any  other  time.  That  harvest  Moon  is  {astronomically)  most 
favourable  which  happens  on  Sept.  ^i,  with  the  Moon  in  the 
ascending  node  of  her  orbit,  which  then  coincides  with  the  vernal 
equinox.  The  least  possible  variation  between  the  times  of  two 
successive  risings  is  about  17™,  and  the  greatest  possible  about 
i^  16°^,  which  takes  place  when  the  Moon  is  in  Libra,  and  at 
the  same  time  at  or  near  its  descending  node. 

As  seen  &om  the  Sun,  the  Moon  never  departs  more  than 
9'  38"  from  the  Earth  at  its  greatest  elongation.  Since  the 
axis  of  the  Moon  is  very  nearly  perpendicular  to  the  plane  of 
the  ecliptic,  our  satelUte  has  of  course  scarcely  any  change  of 
seasons.     At  its  equator  the  mean  solar  day  has  a  constant  length 

o  Attrtmomif,  p.  1 36.    Ed.  of  1 75  7. 
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of  354**  %2^,  or  14*  18^  22"°  of  our  mean  solar  time;  in  other 
words^  it  is  equal  to  half  the  period  of  the  Moon's  synodical  revolu- 
tion round  the  earth.  As  is  the  case  on  the  Earth,  the  length 
of  the  longest  day  on  the  one  hand  and  of  the  shortest  on  the 
other  increases  and  diminishes  according  as  the  assumed  place 
of  observation  approaches  the  lunar  poles :  so  that  at  the  seleno- 
graphic  latitude  of  45''  these  times  become  14**  21^  19"  and 
14^  15'*  26"*;  and  at  the  latitude  of  88%  i8d  171*  28"*  and 
10**  19**  16"*  respectively. 

By  an  observer  placed  on  the  Moon  some  astronomical  phe- 
nomena would  be  witnessed  under  circumstances  widely  different 
from  those  under  which  we  see  them.  The  apparent  diameter 
of  the  Earth  would  be  about  2°>  and  its  apparent  superficial 
extent  13  times  greater  than  the  apparent  superficial  extent  of  the 
Moon  as  seen  firom  the  Earth.  More  than  this:  the  Earth  is 
almost  a  fixed  object  in  the  lunar  heavens^  only  altering  its  place 
by  the  amount  of  the  libration^  or  traversing  backwards  and  for- 
wards a  space  having  an  extent  of  15''  8'  in  longitude  and  13''  6'  in 
latitude.  The  Earth  exhibits  to  the  Moon  exactly  the  same  kind 
of  phases  which  the  latter  does  to  us,  but  in  a  reverse  order.  For 
when  the  Moon  is  full,  the  Earth  is  invisible  to  the  Moon;  and 
when  the  Moon  is  new,  the  Earth  is  full  to  the  Moon.  These 
remarks  apply  only  to  those  parts  of  the  lunar  surface  which 
are  turned  towards  our  globe ;  for  a  spectator  on  the  opposite  side 
would  never  see  the  Earth  at  all,  and  spectators  located  on  the 
apparent  borders  of  the  lunar  disc  would  only  now  and  then  obtain 
a  glimpse  of  it  in  their  horizon,  for  which  they  would  be  indebted 
to  the  librations  in  longitude  and  latitude  already  noticed. 

If  the  whole  sky  were  covered  with  full  Moons  they  would  scarcely 
make  daylight,  for  Bouger's  experiments  give  the  brilliancy  of  the 
full  Moon  as  only  300000  that  of  the  Sun.  WoUaston's  value  is 
BO^Ta  ^  Zollner's  rmnnr> and  G.  P.  Bond's  ^70^90 **•  The  Moon^s 
surface  is  supposed  to  be  much  heated,  possibly,  according  to  Sir 
J.  Herschel,  to  a  degree  much  exceeding  that  of  boiling  water,  yet 
we  are  sensible  of  no  heat  at  all,  all  probably  being  absorbed 
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in  the  upper  strata  of  our  atmosphere.  Melloni^  however^  at  one 
time  thought  he  had  detected  a  sensible  elevation  of  temperature 
by  concentrating  the  rays  of  the  Moon  in  a  lens  3  feet  in  diameter^ 
though  subsequently  he  was  led  to  doubt  the  accuracy  of  his 
observations.  C.  P.  Smyth  also  thought  that  he  obtained  evidence 
on  Teneriffe*^  of  the  Moon's  rays^  but  his  instrumental  means 
were  not  very  perfect.  More  recently  Prof.  Tyndall  states  that 
his  experiments  seem  to  shew  that  the  Moon  imparts  to  us^  or 
at  least  to  the  Professor's  thermometric  apparatus^  rays  of  cold. 
From  all  this  it  is  obvious  that  nothing  certain  is  known  on  the 
subject. 

The  first  astronomer  who  paid  much  attention  to  the  delinea- 
tion of  the  Moon's  surface  was  Hevelius,  who  in  his  well-known 
Seleno^rapAia,  published  in  1647^  gave  a  detailed  description  of  it^ 
accompanied  by  one  general  and  some  40  special  charts;  which^ 
taking  into  consideration  the  inferior  optical  means  at  his  disposal^ 
were  very  creditable  to  the  industry  of  the  illustrious  observer 
of  Dantzig.  Four  years  later  Biccioli  brought  out  a  map  of  the 
Moon^  having  proper  names  assigned  to  many  of  the  principal 
localities;  and  this  nomenclature^  improved  and  enlarged^  is  still 
in  general  use.  J.  D.  Cassini  and  T.  Mayer  of  GRittingen  pub- 
lished charts  in  the  years  1680  and  1749  respectivelyj  the  latter  of 
which  was  the  only  one  used  by  observers  for  many  years  sub- 
sequent to  the  openiug  of  the  present  century.  In  179 1  Schroter 
published  a  large  work  entitled  SelenotopoffrapAiscAe  Fra^menle,  in 
which  are  given  diagrams  of  many  of  the  principal  spots. 
Schroter  was  an  industrious  observer^  but  his  descriptions  are  not 
always  satisfactory. 

In  1824  ^-  ^*  Lohrmann  of  Dresden  published  the  first  4  of 
a  series  of  25  excellent  lunar  charts^  but  was  prevented  by  fail- 
ing sight  (torn  continuing  the  work.  Beer  and  Madler's  elabo- 
rate Mappa  Selenographica  was  published  in  1837,  and  is  un- 
doubtedly the  best  of  the  kind  yet  published;  but  the  most 
generally  useful  and  also  most  generally  accessible  map  for  the 
class  of  readers  whom  I  address  is  the  Rev.  T.  W.  Webb's,  re- 
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duced  &om  Beer  and  Madler's.  Maps  by  Russell  and  Blunt  are 
in  circulation^  but  they  are  not  of  much  value  as  regards  details. 

The  British  Association  for  the  Advancement  of  Science^  through 
a  sub-committee^  is  now  (1866)  engaged  in  the  preparation  of  an 
entirely  new  map  of  the  Moon. 

A  wax  model  of  the  whole  lunar  surface  was  executed  some 
years  ago  by  a  Hanoverian  lady  named  Witte^  and  Nasmjrth  has 
modelled  in  plaster  of  Paris  several  single  craters ".  Photography^ 
too^  has  been  called  in  by  De  La  Rue  and  others^  with  good 
pictorial  but  not  very  useful  results. 

In  computing  the  places  of  the  Moon  the  tables  of  Burckhardt^ 
published  in  i8i2>  have  hitherto  been  generally  used^  but  in  1862 
the  new  and  more  perfect  tables  of  Hansen  were  introduced  at  the 
Nautical  Almanac  office ;  and  these  will  eventually,  no  doubt,  en- 
tirely supersede  Burckhardt's.  Damoiseau,  Plana,  Carlini,  Ponte- 
coulant,  Lubbock,  and  lately  Delaunay,  in  addition  to  Hansen,  have 
done  much  to  improve  the  theory  of  the  Moon. 

*  Fig.  39  is  from  a  photograph  of  one  of  these. 
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CHAPTER   VIII. 

MARS,     cf 

Period,  tke. — Phcuei. — Apparent  moHone. — lit  brilUaney.'^Teleacopie  appearance. — 
Its  ruddy  hue. — Polar  enow. — AxUU  rotaUon. — The  seaeone  of  Mars.  —  Its 
atmosphere, — ffas  Mars  a  Satellite  f — Ancient  observation  of  Mars. — Tables  of 
Mars. 

MARS  is  the  first  planet  exterior  to  the  Earth  in  the  order 
of  distance  from  the  Sun^  and^  as  we  shall  presently  see^ 
bears  a  closer  analogy  to  it  than  do  any  of  the  other  planets. 

Mars  revolves  round  the  Sun  in  686^  23^  30"  41%  at  a  mean 
distance  of  139,312,000  miles,  which  an  orbital  eccentricity  of 
0-093  may  augment  to  152,284,000,  or  diminish  to  126,340,000 
miles.  The  apparent  diameter  of  Mars  varies  between  4*1''  in  con- 
junction and  30-4^^  in  opposition.  The  diameter  at  mean  distance 
of  the  planet  from  the  Earth  being  7*28"  (Le  Verrier),  the  real 
diameter  is  somewhat  less  than  5000  miles.  Very  varying 
results  have  been  arrived  at  as  to  the  compression  of  Mars.  Sir 
W.  Herschel  gave  it  at  ^^^ ;  Schroter  contradicted  this,  and  asserted 
that  it  must  be  less  than  ^ ;  Bessel  merely  decided  that  it  was  too 
small  for  measurement  with  his  great  heliometer  at  Konigsberg  ^ ; 
Arago  from  Paris  observations  extending  over  ^6  years  (from  181 1 
to  1847)  deduced  ^.  Hind  considers  that  -^,  and  Main  that  ^ 
is  not  very  far  from  the  truth. 

Mars  exhibits  phases,  but  not  to  the  same  extent  as  the  inflSrior 
planets.  In  opposition  it  is  perfectly  circular,  between  this  and 
the  quadratures  it  is  gibbous,  and  at  the  minimum  phase,  which 
occurs  at  the  quadratures,  the  planet  resembles  the  Moon  3  days 

*  See  his  memoir  in  Att,  NaeL,  vol.  zzxy.  p.  351. 
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from  the  Aill.  The  character  of  these  phases  is  a  sufficient  proof 
that  Mars  shines  by  the  reflected  light  of  the  Sun.  The  phases  of 
Mars  were  discovered  by  Oalileo^  who  on  Dec.  30,  16 10  wrote  to 
Castelli^  ^^  I  dare  not  affirm  that  I  can  observe  the  phases  of  Mars ; 
however^  if  I  mistake  not^  I  think  I  already  perceive  that  he  is  not 
perfectly  round.'' 

After  conjunction^  when  Mars  first  emerges  from  the  Sun's 
rays^  it  rises  some  minutes  before  the  Sun^  and  has  a  progres- 
sive easterly  motion ;  but  since  this  motion  is  only  half  that  of 
the  Earth  in  the  same  direction^  Mars  appears  to  recede  from 
the  Sun  in  a  westerly  direction^  notwithstanding  that  its  real 
motion  is  towards  the  east.  This  continues  for  nearly  a  year^ 
when  its  angular  distance  from  the  Sun  amounts  to  137'';  for  a 
few  days  it  then  appears  stationary.  After  that^  its  motion  be- 
comes retrograde,  or  westerly,  and  continues  so  until  the  planet  is 
180^  distant  from  the  Sun,  or  in  opposition,  and  consequently  on 
the  meridian  at  midnight.  At  this  period  its  retrograde  motion  is 
swiftest ;  it  afterwards  becomes  slower,  and  ceases  altogether  when 
the  planet  is  again  at  a  distance  of  about  137°  on  the  other  side  of 
the  Sun.  Its  motion  then  again  becomes  progressive,  and  con- 
tinues so,  till,  once  more,  the  planet  is  lost  in  the  solar  rays,  when 
the  phenomena  are  renewed,  but  with  a  considerable  difference  in 
the  extent  and  duration  of  the  movements.  The  retrogradation 
commences  or  finishes  when  the  planet  is  at  a  distance  from  the 
Sun  which  varies  from  128°  44'  to  146**  37',  the  arc  described  being 
from  10°  6'  to  19**  35^;  the  duration  of  the  retrograde  motion  in 
the  former  case  is  60*  18**,  and  in  the  latter  80**  15**.  The  period 
in  which  all  these  changes  take  place,  or  the  interval  between  one 
conjunction  and  one  opposition,  constitutes  the  synodical  period, 
which  amounts  to  780  days.  Mars  and  the  Earth  come  nearly  to 
the  same  relative  position  every  23  years;  but  several  centuries 
must  elapse  before  precise  coincidence  occurs  *. 

Mars  when  in  opposition  is  a  very  conspicuous  object  in  the 
heavens,  shining  with  a  fiery  red  light,  which  from  its  striking 
character  has  led  to  the  planet  being  celebrated  throughout  the 
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historic  period.  It  received  from  the  Jews  on  this  account  an 
epithet  equivalent  to  '  blazing/  and  the  Greek  one  (nvpijcu)  bears 
much  the  same  meaning.  Its  name  or  epithet  in  many  other 
hmgoagea  ia  sahstantiallj  the  same. 

Its  synodic  period  being  780  days,  it  comes  to  opposition,  and 
therefore  attains  its  (general]  maximum  brilliancy,  once  in  2  years 
and  7  weeks.  When  in  perihelion  and  in  perigee  at  the  same  time, 
which  occurs  once  in  4  synodical  revolutions  (8»  7"  about),  Mais 
shines  with  a  brilliancy  rivalling  that  of  Jupiter.  In  August 
17191  the  planet  being  only  2^°  from  perihelion,  its  brightness 
was  such  as  to  cause  a  panic ". 

With  suitable  optical  assistance.  Mars  is  found  to  be  covered 
with  dusky  patches,  which  have  been  supposed,  and  with  good 

Fig,  3a. 


reason,  to  be  coutiDeut.s  analogous  to  those  of  our  own  globe : 
these  are  of  a  dull  red  hue ;  other  portions,  of  a  greenish  hue. 


Chap.  VUI.J  Mars.  87 

are  believed  to  be  tracts  of  water.  The  ruddy  colour,  which,  over- 
powering the  green,  gives  the  tone  to  the  whole  of  the  planet, 
is  believed  by  Sir  J.  Herschel  to  be  due  to  ^^  an  ochrey  tinge  in  the 
general  soil,  like  what  the  red  sandstone  districts  on  the  Earth  may 
possibly  offer  to  the  inhabitants  of  Mars,  only  more  decided  ^"  In 
a  telescope  Mars  appears  less  red  than  to  the  naked  eye,  and  the 
higher  the  power  the  less  the  intensity  of  the  colour,  according  to 
Arago^.  Webb  writes: — ''The  disc  when  well  seen  is  usually 
mapped  out  in  a  way  which  gives  at  once  the  impression  of  land 
and  water :  the  bright  part  is  orange, — according  to  Secchi,  dotted 
with  brown  and  greenish  points.  Beer  and  Madler  think  it  much 
less  red  than  to  the  naked  eye;  the  darker  spaces  are  of  a  dull 
grey- green  (or,  according  to  Secchi,  bluish),  possessing  the  aspect 
of  a  fluid,  absorbent  of  the  solar  rays.  If  so,  the  proportion  of 
land  to  water  on  the  Earth  is  reversed  on  Mars ;  on  the  Earth 
every  continent  is  an  island,  on  Mars  all  seas  are  lakes  (and 
those,  according  to  Jacob  and  Secchi,  like  our  own  continents, 
chiefly  confined  to  one  side  of  the  globe) ;  so  that  the  habitable 
area  may  possibly  be  much  more  alike  than  the  size  of  the 
planets  »/' 

In  the  vicinity  of  the  poles  are  brilliant  white  spots,  considered 
by  many,  in  fact  now  by  all  astronomers,  to  be  masses  of  snow — 
an  idea  which  is  materially  strengthened  by  the  fact  that  they 
have  been  observed  to  diminish  when  brought  under  the  sun's 
influence  at  the  commencement  of  the  Martial  summer,  and  to 
increase  again  on  the  approach  of  winter. 

The  observance  of  these  white  patches  appears  to  date  from  the 
middle  of  the  17th  century,  for  they  seem  to  be  noticed  in  a  figure 
of  the  planet  by  Huyghens ;  Maraldi,  in  1 704,  first  gave  specific 
representations.  Sir  W.  Herschel**,  who  discovered  the  circum- 
stances attending  this  variation  in  size,  found  that  they  were  not 
always  precisely  opposite,  both  being  sometimes  visible  or  invisible 
at  the  same  time.  Madler  noted  the  S.  polar  spot  to  undergo 
greater  changes  of  magnitude  than  the  northern  one,  an  observa- 

•  (huUnes  of  Ast.f  p.  339. 
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tion  harmonising  with  the  fact  that  it  experiences  a  greater 
variety  of  climate  from  the  eccentricity  of  the  planet's  orbit.  The 
same  observer  found  (and  herein  he  is  confirmed  by  Secchi)  the 
N.  patch  concentric  with  the  planet's  axis,  but  the  S.  one  con- 
siderably eccentric,  which  agrees  substantially  with  Sir  W.  Her- 
schel's  observation.  It  is  not  easy  to  understand  why  they  are 
not  exactly  opposite;  if  both  were  equally  removed,  and  in  op- 
posite directions,  from  the  poles  of  rotation,  it  would  occur,  as  with 
the  Earth,  that  the  poles  of  cold  differed  from  those  of  rotation, 
but  the  subsisting  facts  are  inexplicable. 

Spots  on  the  body  of  Mars  led  at  an  early  period  to  attempts 
being  made  to  ascertain  something  about  the  period  of  its  axial 
rotation.  J.  D.  Cassini,  in  1666,  found  this  to  be  effected  in 
24^  40™  j  Hooke^,  working  contemporaneously,  was  unable  to 
decide  between  ia^»  and  24''.  The  most  recent  observations 
resting  on  a  prolonged  basis  are  those  of  Madler^,  who  fixed 
the  time  of  revolution  at  24**  37°*  23", — ^a  result  which  singularly 
accords  with  Cassini's,  and  says  much  for  the  accuracy  and 
skill  of  the  astronomer  of  Bologna.  Sir  W.  Herschel  gave 
an  intermediate  value,  24**  39"  21  •67';  and  stated  that  the 
obliquity  of  the  ecliptic  on  Mars  was  28**  42' — an  angle  so 
close  to  that  which  obtains  for  the  Earth,  as  to  warrant  us  in 
asserting  that  the  seasons  of  Mars  are  not  materially  different 
from  our  own. 

The  Martial  year  consists  of  668  Martial  days  and  16  hours,  the 
Martial  day  being  longer  than  the  terrestrial  in  the  proportion  of  100 
to  97.  Owing  to  the  eccentricity  of  the  planet's  orbit,  the  summer 
in  the  northern  hemisphere  is  shorter  than  in  the  southern  in  the 
ratio  of  100  to  79,  but  owing  to  the  greater  proximity  of  the  Sun, 
the  intensity  of  its  light  during  the  shorter  northern  summer  is 
greater  than  during  the  longer  southern  summer  in  the  ratio  of 
145  to  100.  From  the  same  causes  the  longer  northern  winter  is 
less  inclement  than  the  shorter  southern  winter  in  the  same  pro- 
portion. There  is  thus  a  complete  compensation  in  both  seasons  in 
the  two  hemispheres.     The  duration  of  the  seasons  in  Martial  days 

»  Pm.  Trans,,  No.  14.  k  Ad.  Nadi.,  No.  349. 
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in  the  northern  hemisphere  ie  as  follows: — Spring  192^  summer 
180,  autumn  150,  winter  147  ^ 

The  observations  of  Cassini  led  to  the  belief  that  Mars  possessed 
a  very  extensive  atmosphere :  this  has  not  been  confirmed^  and  it  is 
now  only  admitted  that  Mars  has  an  atmosphere  which  is  mode- 
rately dense.  Sir  J.  Souths  who  paid  much  attention  to  this 
subject^  states  that  he  has  seen  i  star  in  contact  with  the  planet 
and  %  occulted  without  change;  thus  overthrowing  an  opinion 
which  resulted  &om  an  assertion  of  Cassini^s  that  ^  Aquarii  of 
mag.  5  on  one  occasion,  in  Oct.  1672^  disappeared  in  a  3-feet 
telescope  when  6'  from  the  planet's  limb. 

As  far  as  we  know^  Mars  possesses  no  satellite,  though  analogy 
does  not  forbid,  but  rather,  on  the  contrary,  infers  the  existence  of 
one ;  and  its  never  having  been  seen,  in  this  case  at  least,  proves 
nothing.  The  second  satellite  of  Jupiter  is  only  -^^^  of  the  dia- 
meter of  the  primary,  and  a  satellite  -^^  of  the  diameter  of  Mars 
would  be  less  than  100  miles  in  diameter,  and  therefore  of  a  size 
barely  within  the  reach  of  our  largest  telescopes,  allowing  nothing 
for  its  possibly  close  proximity  to  the  planet.  The  fact  that  one 
of  the  satellites  of  Saturn  was  only  discovered  a  few  years  ago 
renders  the  discovery  of  a  satellite  of  Mars  by  no  means  so 
great  an  improbability  as  might  be  imagined. 

The  want  of  a  satellite  has  prevented  anything  more  than  an 
approximation  having  been  arrived  at  of  the  mass  of  Mars: 
Burckhardt  made  it  aflsoaar  of  the  Sun,  Delambre  ag^aago^ 
Madler  2Bwnnr>  and  Le  Verrier  2flg8aoo'  Airy  has  inferred 
from  his  researches  on  the  solar  theory  that  Delambre's  estimate 
should  be  diminished  in  the  ratio  of  22  to  15.  It  is  so  far 
fortunate.  Grant  remarks,  that  the  disturbing  effects  of  this  planet 
are  so  insignificant  as  to  dispense  with  the  necessity  of  extreme 
accuracy. 

''The  most  ancient  observation  of  Mars  that  has  come  to  our 
knowledge  is  one  reported  by  Ptolemy  in  his  Almagest  (lib.  x. 
cap.  9).  It  is  dated  in  the  52***  year  after  the  death  of  Alexander 
the  Great,  and  476*^  of  Nabonasser's  era,  on  the  morning  of  the 

*  Lardner's  A^,,  p.  210. 


90  The  Sun  and  Planets.  [Book  I. 

ai"*  of  the  month  Athivy  when  the  planet  was  above  but  very  near 
the  star  )3  in  Scorpio.  The  date  answers  to  B.C.  27 2>  Jan.  17^  at 
18^  on  the  meridian  of  Alexandria.  An  oecultation'^  of  the  planet 
Jupiter  by  Mars  is  recorded  on  Jan.  9^  I59i«  Such  a  phenomenon 
would  be  extremely  interesting  if  viewed  with  the  powerful  tele- 
scopes  so  common  at  the  present  day  °.^' 

In  computing  the  places  of  Mars  the  tables  of  Baron  De 
Lindenau^  published  in  181 1,  were  generally  used  until  recently, 
but  they  were  superseded  in  1861  by  the  more  perfect  tables 
of  Le  Verrier,  published  in  vol.  vi.  of  the  Annates  de  PObservataire 
de  Paris. 


>B  Inasmuch  as  the  apparent  diameter  more  correct  expression  would  probably 
of  Mars  is  (except  under  rare  droum-  be,  'atransitof  Mars  across  Jupiter/ &a 
stances)  less  than  that  of  Jupiter,  the  ^  Hind,  StL  Sffd.,  p.  79. 
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CHAPTER    IX. 


THE  MINOR   PLANETS  «K 


Sometima  eaJtUd  UUra-Zodiaeal  Planet$,~^Tahle  of  tken.^-'-Summary  offaetB, — NoU$ 
on  Ceres. — PaUcu, — Juno, —  Vesta, — Olbere^s  theory, — Bistcry  of  the  search  made 
for  them. — Independent  diseoveries.-^Progressive  diminuHon  in  their  siu. 

T>ETWEEN  the  orbits  of  Mars  and  Jupiter  there  is  a  wide 
-■^  interval,  which,  until  the  present  century,  was  not  known  to 
be  occupied  by  any  planet.  The  researches  of  late  years,  as 
previously  intimated  in  Chapter  II.,  have  led  to  the  discovery 
of  a  numerous  group  of  small  bodies  revolving  round  the  Sun, 
which  are  known  as  the  Minor  Planets  *>,  and  which  have  received 
names  taken  chiefly  from  the  mythology  of  ancient  Greece  and 
Rome. 

These  planets  difier  in  some  respects  from  the  other  members 
of  the  system,  especially  in  point  of  size,  the  largest  being  probably 
not  more  than  200  or  300  miles  in  diameter.  Their  orbits  are 
also  much  more  inclined,  as  a  general  rule,  than  the  orbits  of  the 
major  planets,  whence  they  are  sometimes  termed  the  ultra-zodiacal 
planets. 

The  following  is  a  list  of  these  planets,  together  with  the  chief 
elements  of  their  orbits :  in  the  column  of  epochs,  G.  stands  for 
Greenwich,  and  W.  for  Washington. 

*  The  uae  of  83nxibolB  has  been  discon*  by  Sir  W.  Herechel,  has  nearly  fallen 
tinued,  except  for  the  four  early  ones,  as  into  disuse.  Nothing  could  be  more  in- 
follows :  Geres  (  ,  Pallas  ^ ,  Juno  f ,  appropriate  than  such  a  designation  ; 
Vesta  ^  ;  and  even  these  are  becoming  pwnetoids  would  have  been  better.  How- 
obsolete,  ever,    rninor    placets   is    preferable    to 

^  The  old  name  of  asteroids,  proposed  either. 
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_     Sept.  19 
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Tuttle CimbridgeU.S. 
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»S(i  4S 

SB  46 
1S6  48 


Tempel  ., 

Db  G&apuii 
Lather  .... 
C.HJ'Jeten 

Tie^en 
C.H.F.Pelen 


Moneilles  . . 


Berlin... 
MkdrM  . 
Clinton,  C 
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«3  19 
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5 
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«5 
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o 

a 
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8  39 
4  37 
8  37 


7  56 

«  51 

5  « 

9  aa 

II  56 

4  48 

5  9 
15  13 


0*11977 
0-17374 
0-04414 
o-a38ao 
0*30690 

o*i877a 
o*i368a 
o*ao549 


ft 


1040*15 

775*73 
815-68 

766*44 
813-37 

5^05 
8ia*40 

83535 


0-19509  '  9a9*o5 
o*aooaa  '  1019*68 


o*aii75 
oaa599 
0*08410 
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0*9395 
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7350a 
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937-42 
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777*93 
87959 


Period. 


3*4" 
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4*350 
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4*36a 

6*a35 

4368 
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3-819 
3480 

48a  7 
4*586 

3*785 
3*643 
4*337 

5*434 
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Semi- 
Axis, 


App. 


e's-ii. 

a*a66o 

«-7555 
3*6648 

a*7777 
3*6698 

3*3877 
2*6719 

a*6aa8 

2*4433 
3*3963 

a*8563 
3*7603 
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2*3674 
3*6594 

3*0908 

2*7503 
2*5341 


Star 
Mag. 


10*8 


Epoch. 
Berlin  M.  T. 


I 


1866.  Jan.  0*0.. .. 

1864.  Jftn.  33*0  . . 

—  Oct.  3*5..., 
1866.  Jan.  0*0.. .. 

1865.  Dec.  13*0  ., 

1863.  July  J  7-0  .. 

1866.  Jan.  0*0.. .. 
1865.  Oct. 4*0.. .. 

1864.  Jan.  1*0. . . . 

1865.  Oct.7*o.. .. 

1864.  Oct.  6*0.. .. 

1865.  Feb.  16*0  .  < 

—  May  4-0  .. 

—  Nov.  lO'O  . . 

1866.  Jan.  0*0.. .. 

—  Jan.  8*o  . . 

—  Aug.  1*4  . 

—  Aug.  0*0  . 


Oalonlator. 


Peters. 

Becker. 

Celoria. 

Eranaenau. 

Englemann. 

MarmaniL 

Peters. 

Tietjeo. 

Tiaohler. 

Tietjen. 

HalL 

Safibid. 

Becker. 

Valentiiier. 

Peters. 

Tietjen. 

Scbjellerup. 
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It  is  needless  to  give  any  detailed  acoount  of  each^  but  a  short 
summary  may  not  be  out  of  place. 

The  nearest  to  the  Sun  is  Mora,  which  revolves  round  that  lu- 
minary in  1 193  days^  or  3^  years,  at  a  mean  distance  of  201^274^000 
miles. 

The  most  distant  is  Cybele,  whose  period  is  2431  days^  or  66 
years^  and  whose  mean  distance  is  3i2^737>ooo  miles. 

The  least  eccentric  orbit  is  that  of  Europa,  in  which  c  amounts 
to  only  0*004. 

The  most  eccentric  orbit  is  that  of  Polyhymnia^  in  which  € 
amounts  to  0*337. 

The  least  inclined  orbit  is  that  otMasMia,  in  which  i  amounts  to 
o*^  41'. 

The  most  inclined  orbit  is  that  of  Pallas,  in  which  i  amounts  to 

The  brightest  planet  is  Fesla, 

The  faintest^  Atalanta. 

The  largest  planet  is  Pallas,  whose  diameter^  according  to  La- 
ment^ is  670  miles  *.  but  in  other  estimations  it  is  less. 

The  more  recently  discovered  planets  are  all  so  small  that  it 
is  impossible  to  say  which  is  the  smallest. 

It  has  been  thought  that  many  of  the  minor  planets  are  variable 
in  their  light. 

Under  favourable  circumstances  Ceres  has  been  seen  with  the 
naked  eye^  having  then  the  brightness  of  a  star  of  the  7th  mag- 
nitude j  it  has^  however^  more  usually  that  of  an  8th.  The  light 
is  somewhat  of  a  red  tinge^  and  some  observers  have  remarked 
a  haziness  surrounding  the  planet^  which  is  attributed  to  the 
density  and  extent  of  its  atmosphere.  Sir  W.  Herschel  once 
fancied  that  he  had  detected  two  satellites  accompanying  Ceres;  but 
analogy  would  lead  us  to  infer  that  its  mass  would  be  insufficient 
to  retain  satellites  around  it.  Pallas,  when  nearest  the  Earth  in  op- 
position^ shines  as  a  full  7th-magnitude  star^  with  a  decided  yellowish 
light.  Traces  of  an  atmosphere  have  also  been  observed.  Juno 
usually  shines  as  an  8th-magnitude  star^  and  is  of  a  reddish  hue. 
Fesla  appears  at  times  as  bright  as  a  6th-magnitude  star^  and  may 
then  constantly  be  seen  without  optical  aid^  as  was  the  case  in  the 
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autumn  of  1858.  The  light  of  Ve9ta  is  usually  considered  to  be 
a  pure  white^  but  Hind  considers  it  a  pale  yellow  <^. 

The  orbits  most  nearly  alike  are  those  of  Fides  and  Maia,  and 
Lespiault  has  remarked  that  when  at  their  least  distance  from  each 
other  these  planets  are  separated  by  a  space  which  only  amounts  to 
^  of  the  radius  of  the  Earth's  orbit^  or  about  4^  millions  of  miles. 

Sir  J.  Herschel  remarks :  '^  A  man  placed  on  one  of  the  minor 
planets^  would  spring  with  ease  60  feet^  and  sustain  in  his  descent 
no  greater  shock  than  he  does  on  the  Earth  from  leaping  a  yard. 
On  such  planets  giants  might  exist ;  and  those  enormous  animak 
which,  on  Earth,  require  the  buoyant  powers  of  water  to  coun- 
teract their  weight,  might  there  be  denizens  of  the  land^.^'  But 
to  such  speculations  there  is  no  end. 

Respecting  the  past  history,  so  to  speak,  of  the  minor  planets, 
we  can  say  but  little.  The  hypothesis  of  Olbers  seems  to  be  the 
most  satisfactory  that  has  yet  been  propounded.  That  astronomer 
on  calculating  the  elements  of  the  orbit  of  Pallas,  was  forcibly 
struck  with  the  close  coincidence  he  found  to  exist  between  the 
mean  distance  of  that  planet  and  Ceres,  He  then  surmised  that 
they  were  the  fragments  of  some  large  planet  which  had,  in  remote 
antiquity,  by  some  catastrophe,  been  shivered  to  pieces.  When  this 
theory  was  started  it  was  certainly  a  bold  one,  but  the  discoveries 
of  late  years  have  materially  strengthened  it,  and  there  can  be  now 
but  little  doubt  that  it  truly  points  out  the  origin  of  these  celestial 
wanderers.  On  this  sulrject  D' Arrest  writes: — "One  fact  seems 
above  all  to  confirm  the  idea  of  an  intimate  relation  between  all 
the  minor  planets ;  it  is,  that,  if  their  orbits  are  figured  under  the 
form  of  material  rings,  these  rings  will  be  found  so  entangled, 
that  it  would  be  possible,  by  means  of  one  among  them  taken  at 
hazard,  to  lift  up  all  the  rest^' 

The  circumstances  which  led  originally  to  a  search  for  planetary 
bodies,  in  the  space  intervening  between  Mars  and  Jupiter, 
were  these.  In  the  year  1800,  6  astronomers,  of  whom  Baron 
de  Zach  was  one,  assembled  at  Lilienthal,  and  there  resolved 
to  establish  a  society  of  24  practical  observers,  to  examine  all  the 

<■  Sol.  Syst.,  p.  85.  **  Outline*'  of  Ani.,  p.  352. 
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telescopic  stars  in  the  whole  zodiac^  which  was  to  be  divided  into 
24  zones^  each  containing  one  hour  of  right  ascension^  for  the  ex- 
press purpose  of  searching  for  undiscovered  planets  «.  They  elected 
Schroter  president  of  the  association^  and  the  Baron  was  unani- 
mously chosen  their  perpetual  secretary.  Such  determined  or- 
ganisation was  ere  long  rewarded  by  the  discovery  of  4  planets, 
but  as  no  more  seemed  to  be  forthcoming,  the  search  was  re- 
linquished in  1 816. 

It  does  not  appear  that  any  further  labours  in  this  field  were 
prosecuted  for  23  years,  or  till  about  the  year  1830,  when  M. 
Hencke,  an  amateur  of  Driesen  in  Prussia,  commenced  to  search 
for  small  planets  with  the  aid  of  the  since-celebrated  Berlin  Star 
Maps  which  contain  all  stars  up  to  the  9^^  or  10^^  magnitudes 
lying  within  i  ^°  of  the  equator.  It  is  evident  that  a  non-stellar 
body  is  much  more  likely  to  attract  the  notice  of  an  observer 
possessing  and  using  maps  of  this  kind  than  of  one  not  so  pro- 
vided, as  a  change  of  position  virtually  tells  its  own  tale  with 
comparativelif  little  trouble  to  the  astronomer.  This  series  of 
maps,  one  for  each  hour  of  R.  A.,  was  only  completed  in  1859; 
therefore  when  Hencke  commenced  he  had  only  the  earlier  ones 
at  his  command,  and  15  years  elapsed  ere  his  zeal  and  perse- 
verance produced  any  result:  but  when  once  one  was  found,  the 
discovery  of  others  quickly  followed. 

Several  of  these  small  planets  were  discovered  independently 
by  two  or  more  observers,  each  without  a  knowledge  of  wlat 
the  other  had  done.  For  example,  Irene  was  found  by  Hind 
on  May  19,  1851,  and  by  De  Gasparis  on  May  23;  MassUia  hy 
De  Gasparis  on  Sept.  19,  1852,  and  by  Chacornac  on  Sept.  20; 
Amphitriie  by  Marth  on  March  i,  1854,  by  Pogson  on  March  2, 
and  Chacornac  on  March  3  (3  separate  discoverers);  rirgiuia  by 
Ferguson  on  Oct.  4,  1857,  and  by  Luther  on  Oct.  19. 

Deducting  duplicate  discoveries,  M.  Luther  carries  off  the  palm 
for  the  largest  number,  for  he  ha«  detected  15  minor  planets.  Then 
comes  Goldschmidt  with  1 3  \  Hind  with  jo;  De  Gasparis  with  9 ; 
Chacornac  and  Pogson  with  6;  Peters  with  5;  Tempel  with  4; 

•"  See  above,  p.  19. 
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Ferguson  with  3;  Olbers,  Hencke^  and  Tattle  with  2  each; 
and  Piazzi^  Harding^  Graham^  Marth^  Laurent^  Searle^  Forster^ 
Sehiaparelli^  D'AiTest,  Watson,  and  Tietjen  with  i  each. 

I  believe  we  are  warranted  in  saying  that,  for  the  present 
at  least,  the  number  of  new  planets  will  not  materially  be 
augmented,  and  for  this  reason, — ^the  want  of  telescopes  suitable 
and  availuble  for  looking  after  them.  All  the  brighter  ones  have 
evidently  been  found;  and,  speaking  generally,  each  new  one  is 
fainter  than  its  predecessor,  and  consequently  small  telescopes  will 
be  incapable  of  doing  the  work  much  longer.  The  following  table 
will  shew  this  better  than  any  argument. 


Mean  ^ 

Star  Ma^. 

First  Group:  Planets  (2)to©        

8-5 

Second   „            , 

,      ©-©         

9*6 

Third      „             , 

.      ©-©        

10-4 

Fourth    „            , 

,      ©-©        

iro 

Fifth      „ 

,      ©_0         ...'        .. 

iO'9 

Sixth      „             , 

,      ©-©        

11*2 

Seventh  „             , 

,      ©-©         

11-3 

Eighth   „ 

,      ©-©        

Tlie  above  numbers  are  not,  it  is  true,  in  perfect  sequence,  but 
are  sufficiently  so  to  indicate  my  meaning. 

The  figures  in  the  column  headed  "  Diameter  '^  on  p.  93  et  seq. 
are  derived  from  the  results  of  photometric  experiments  made 
by  Professor  Stampfer  of  Vienna':  they  are  probably  more  re- 
latively than  absolutely  accurate.  Argelander  has  published  some 
suggestions  for  determining  the  brightness  of  these  planets  *. 

Floray  Victoria,  Melpomeney  and  Meti^  are  the  only  minor  planets 
for  the  determination  of  whose  places  we  as  yet  possess  tables. 


'  See  Bruhns'  De  PlanetU  Minoribut, 
Berlin  1856,  for  details.  Some  physical 
investigations  into  the  orbits  of  certain 
of  these  planets  will  be  found  in  Afem.  of 
tJu  American  Acad.^  vol.  v.  N.S.  pp.  133- 


135  :  an  abstract  appears  in  Month,  Not, 
R.AS.,  vol.  xxi.  pp.  55-7. 

«  Month,  Not.  R.  A.  S.,  vol.  xvi.  p.  206 
tt  seq. 
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CHAPTER    X: 

JUPITER.     % 

Period,  dse, — Jupiter  suhjeet  to  a  slight  phate, — lU  Beltt. — Their  phytical  nature. — Firti 
observed  hy  Zuechi. — Dark  Spots. — Luminous  Spots. — Axial  rotation  of  Jupiter. — 
Centrifugal  force  at  its  Equator. — Its  Apparent  Motions. — Astrological  infiw- 
ences.^AUended  by  4  Satellites.— Are  they  visible  to  the  Naked  Eye  1-- Table  of 
them. — Eclipses  of  the  Satellites, — OccuUaiions. — Transits. — Peculiar  aspects  of  the 
Satellites  when  in  transit.  —  Singular  circumstance  connected  with  the  interior 
ones. — Instances  of  all  being  invisible. —  Variations  in  their  brilliancy. — Obser- 
vations of  Eclipses  for  determining  the  longitude.  —  Practical  dificulfies.  — 
E6mer*s  discovery  of  the  progressive  transmission  of  light.  —  Mass  of  Jupiter. — 
Tables  of  Jupiter. 

TUPITER,  the  largest  planet  of  our  system^  revolves  round 
^  the  Sun  in  4332-6*  or  11-86^,  at  a  mean  distance  of 
475,693,000  miles.  The  eccentricity  of  its  orbit  is  0*048,  so  the 
planet  may  recede  from  the  Sun  to  498,603,000  miles,  or  approach 
it  to  within  452,782,000  miles.  The  planet's  apparent  diameter 
varies  between  50*7"  in  opposition  and  30'8"  in  conjunction,  being 
37*91''  at  its  mean  distance,  according  to  very  elaborate  measure- 
ments by  Main.  The  equatorial  diameter  is  88,400  miles  or  there- 
abouts. The  compression  is  greater  than  that  of  any  other  planet^ 
and  amounts,  according  to  the  trustworthy  observations  of  Main^ 
to  T7*7T*  All  the  values  of  this  quantity  are  closely  of  accord : 
e,ff.  Lassell  gives  yr^^-r. 

Jupiter  is   subject  to   a   slight  phase  ^ :    in   quadratures  it  is 
gibbous :  for  reasons  referred  to  when  treating  of  Mars,  the  illu- 

s 

minated  portion  always  exceeds  a  semicircle,  and  in  point  of  fact, 
owing  to  the  greatly  increased  distance  of  Jupiter,  the  defalcation 
of  light  is  very  small,  but  perceptible  nevertheless  in  the  form 

*  Sir  J.  Herschel  Rays  the  contrary,  but  this  in  certainly  an  ovewight. 


.8;7:    NoTambar  17.    {Dawti.) 


1858 :  Noretnber  18.    (LautU.) 


:    March  ii.    (Jaeob.) 


1S60:    April  9.    IBaxaitiai.) 
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of  a  slight  shading  off  of  the  limb  farthest  from  the  Sun.     WeLb 
has  noted  that  this  ia  more  easily  seen  in  twilight  than  in  full 


The  principal  telescopic  feature  of  Jupiter — its  belts— are  well- 
known,  at  least  by  name,  to  everyone.  These  are  dusky  streaks 
of  vaiying  breadth  and  number,  lying  more  or  less  parallel  to 
the  planet's  equator*.  It  is  supposed  that  the  planet  is  en- 
veloped  in  dense  masses  of  cloud,  and  that  the  belts  are  merely 


JuPrtiB,  October  15,  1856.    {De  La  Rut.) 

longitudinal  fissures  in  these  clouds,  laying  bare  the  solid  body 
beneath.  The  belts,  or,  as  we  should  with  more  propriety  call 
them,  the  atmospheric  fissures,  are  constantly  changing  their  fea- 
tures ;  occasionally  only  2  or  3  broad  ones  are  seen,  at  other  times 
as  many  as  8,  10,  or  even  a  dozen  narrow  ones  appear.  They  are 
not  permanent,  but  change  sometimes  with  extreme  rapidity  in  the 
course  of  a  few  minutes ;  at  other  times  gradually,  retaining 
nearly  the  same  forms  for  several  consecutive  months.  They  arc 
e  Gn>t  reiunrkeil  by  GriniAlili  in  164S. 
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commonly  abBent  immediately  under  the  equator,  but  north  and 
south  of  this  there  is  usually  one  wide  streak  and  sereral  narrower 
ones.  At  each  pole  the  luminosity  of  the  planet  is  feebler  than  else- 
where. The  belts,  distinguished  from  the  general  hne  of  the  planet, 
(often  rose-coloured)  are  usually  greyish ;  but  superior  power  briugs 
out  traces  of  a  brownish  tinge,  especially  on  the  larger  ones.     It  is 


JuPtTia,  Mareh 


also  to  be  remarked  that  they  fade  away  towards  the  margin  of  the 
disc  on  either  side — a  circumBtance  which  it  may  be  presumed  is 
connected  with  the  oblique  manner  in  which  the  planet's  atmo- 
sphere is  presented  to  our  view.  Sometimes,  but  rarely,  oblique 
belts  may  be  seen  [Figs.  35-6]  J  and  with  large  telescopes  sundry 
irregularities  shew  themselves,  which  in  smaller  instruments  are 
merged  in  fewer  and  simpler  outlines.     The  belts  of  Jupiter  were 
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first  observed  by  Zuechi^  at  Rome^  on  May  17^  1630^  according 
to  Riccioli  %  but  a  claim  has  been  put  in  on  behalf  of  Toricelli  ^. 

Spots  are  occasionally,  but  not  very  frequently,  visible  on 
Jupiter.  Hooke  makes  the  first  record  of  one  in  May  1664*. 
He  watched  it  in  motion  for  about  %  hours,  and  it  seems  to  have 
been  sheer  idleness  that  led  him  to  neglect  observations  of  it  for 
determining  the  planet^ s  axial  rotation — an  honour  reserved,  as  we 
shall  presently  see,  for  J.  D.  Cassini.  Between  Dec.  11,  1834  and 
March  19,  1835,  a  remarkable  spot  was  observed  at  Cambridge  by 
Airy :  during  a  portion  of  this  interval  a  second  was  seen.  In 
1843  a  very  large  black  spot  was  observed  by  Dawes,  and  in  Nov. 
and  Dec.  1858  two  oblong  dark  spots  were  noted  by  Lassell  as 
interesting  objects  ^  Luminous  spots  closely  resembling  satellites  in 
tranntu  were  detected  for  the  first  time  in  1849  by  Dawes  ',  and  seen 
in  the  following  year  by  Lassell  ^.  In  the  autumn  of  1 8^57  Dawes 
again  noticed  some,  and  forwarded  drawings  of  them  to  the  Royal 
Astronomical  Society,  which  will  repay  an  attentive  examination. 
On  Oct.  25  he  counted  no  fewer  than  11,  all  clustered  together  in 
the  southern  hemisphere^.  In  Nov.  of  the  following  year  (1858) 
Lassell  observed  another  cluster,  in  the  southern  hemisphere,  but 
nearer  the  equator  than  those  seen  by  Dawes,  and  in  a  bright  belt. 
These  were  much  more  difficult  to  catch  than  the  former  ones. 
The  nature  of  both  classes  is  quite  unknown,  and  it  only  remains 
for  me  to  mention  that  all  had  a  curved  outline  more  or  less 
approaching  a  circle. 

Qassini,  by  closely  watching  the  spot  which  he  first  saw  in  July 
1665,  noticed  movement,  and  regarded  this  as  a  proof  of  the  planet^s 
axial  rotation,  the  period  of  which  he  found  to  be  about  9^  56". 
The  independent  observations  of  Airy  and  Madler  in  1835  give 
9^  55"  21*3'  aiid  9**  55"  29*9%  and  afford  another  illustration  of 
the  care  bestowed  by  Cassini  in  his  astronomical  researches.  The 
later  observations  of  Cassini,  those  of  Sir  W.  Herschel,  and  those  of 
Schroter  indicate  results  not  free  from  anomalies;  Sir  William's 

^  Almag.  Nov.,  vol.  i.  p.  486.  One  of  them  (in  the  drawing  at  least)  is 

*  Moll,  J<n*r.  Royal  Inst.,  vol.  i.  p.  494,  precisely  like  a  garden  slug ! 

May  183 1.  K  Ibid.,  vol.  x.  p.  134. 

«  PhU.  TVaiM.,  No.  i .  *>  Ibid,,  vol.  xviii.  pp.  6  and  49. 
'  Month.  Not.  R.A.S.,  vol.  xix.  p.  52. 
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various  determinations  fluctuated  to  an  extent  of  neariy  5*",  a 
discordance  far  beyond  that  which  is  assignable  to  errors  of  obser- 
vation; and  the  unavoidable  conclusion  is  that  the  spots  em- 
ployed by  those  three  astronomers  in  their  investigations  were 
affected  (as  they  themselves  believed)  by  a  proper  motion  of 
their  own.  I  am  not  aware  that  any  recent  observer  has  directed 
his  attention  to  this  matter. 

The  axial  rotation  of  Jupiter  being  so  much  less  than  that  of 
the  Earth,  combined  with  its  diameter  being  so  much  greater, 
results  in  the  rotating  velocity  of  a  particle  at  its  equator  being 
greater  than  that  of  any  other  planet — ^467  miles  per  minute, 
against  the  Earth's  17  miles  per  minute.  It  will  at  once  be  per- 
ceived that  the  intensity  of  the  centrifugal  force  must  be  very 
great,  and  the  polar  compression  likewise.  Hind  calls  attention 
to  this  rapid  rotation  as  offering  some  compensation,  by  the  heat 
it  must  evolve,  for  the  diminished  power  of  the  Sun's  rays  at 
the  distance  of  Jupiter. 

Under  favourable  circumstances  Jupiter,  like  Mars,  rivals  Venus 
in  brilliancy,  and  even  casts  a  shadow  t.  Bond  has  found  that 
its  surface  reflects  light  better  than  that  of  the  Moon  in  the 
ratio  of  14  to  I. 

Seen  from  the  Earth  the  apparent  motion  of  Jupiter  is  some- 
times retrograde.  The  length  of  the  retrograde  arc  varies  from 
9*"  51'  to  9**  59',  and  the  time  of  its  performance  from  116*  18*" 
to  122<^  12^.  The  retrograde  motion  begins  or  ends,  as  the  case 
may  be,  when  the  planet  is  at  a  distance  from  the  Sun  which 
varies  from  1 13**  35'  to  1 16**  42'.^ 

In  by-gone  days  Jupiter  has  not  been  without  its  astrological 
influences.  It  was  supposed  to  be  the  cause  of  storms  and  tem- 
pests, and  to  have  power  over  the  prosperity  of  the  vegetable  king- 
dom. Pliny  thought  that  lightning,  amongst  other  things,  owed 
its  origin  to  Jupiter.  An  old  MS.  Almanac  for  1386  states,  that 
''Jubit  es  bote  and  moyste,  and  doos  weel  til  al  thynges,  and 
noyes  nothing/' 

'  MorUh.  Not,  R.A.S.,  vol.  xxi.  p.  198.  the  extent  of  its  arc  of  retrogression,  but 

^  I    may    here    observe    that,   as    a  the  greater  will  be  the  time  occupied  in 

general    rule,    the     farther    a    sui>erior  describing  it. 

planet  in  from  the  Sun.  the  less  will  be 
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Jupit«r  is  attended  by  4  eatellites ',  all  seen  for  the  fiist  time  by 
Galileo,  at  Padua,  on  January  7,  1610",  but  not  determined  to 
be  satellites  till  the  following  day.  They  shine  with  the  brillianoy 
of  stars  of  the  6*''  or  7"'  magnitude ;  but  owing  to  their  prox- 
imity to  their  primary,  are  usually  invisible  to  the  naked  eye. 


JuprrBB  ens  witb  thb  Naiu)  Etc,  April  15, 1863.    (JfoaoM.) 

though  several  instances  to  the  contrary  are  on  record.  Mr.  C. 
Mason  states  that  on  April  15,  1853,  finding  Jupiter  conveniently 
placed  for  the  purpose,  he  determined  to  make  a  systematio  attempt 
to  solve  the  problem  frequently  declared  to  be  an  impossibility. 
After  a  steady  gaze  of  9°^  or  10"  he  was  able  to  assure  himself  that 
in  close  proximity  to  Jupiter  he  could  see  a  little  star.     Having 


resorted  to  various  precautioas  to  prevent  self-deception  he  at 
length  turned  bis  refractor  of  4J  inches  aperture  on  the  planet  and 
found  in  the  position  corresponding  to  that  indicated  by  the  naked 
eye  (allowance  being  made  for  inversion)  all  the  4  satellites  on  the 
same  side  of  the  planet.     He  states  that  until  referring  to  the 

'  Named  bj  Simon  Mnrius.  k  fraudu-  adinimion   of   the   nomenclKture   woald 

lent  cUimuit  of  tlieir  discover;,  lo,  Eu-  savour  of  on  admiaBioD  of  the  clum. 

ropa,  Uflnjiiuede,  Cnllisto.     These  names  '"  t-idtrlat  Nnnciii*  ;  Opert  di  (lalilto, 

nrt  nut.  and  never  have  been  in  use,  as  it  Vi>l.  ii.  p.  15  ct  seq.    Ed.  Podun,  1744. 
:i|4Kjars  to  liavu  bw;n  Ihouijbt  that  ihi: 
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Nautical  Almanac  a  few  miDnteB  before  usin^  the  telescope  he  had 
no  idea  as  to  their  conB^ratioO]  and  is  the  more  convinced  that 
with  the  naked  eye  he  really  did  see  the  4  as  one ",  It  is  quite 
certain  that  satellites  H  and  III  were  seen  on  Jan.  15,  i860,  by 
some  officers  of  H.  M.  S.  "Ajax,"  in  Kingston  Harbour,  Dubhn". 
On  April  31,  1859,  Mr.  Levander  and  others  at  Devizes  assert  that 
they  saw  z  of  these  bodies.  In  1852  an  American  missionary  of 
the  name  of  Stoddard,  at  Oroomiah  in  Persia,  repeatedly  saw  two 
satellites  in  the  twilight,  so  long  as  Jupiter  itself  was  devoid  of 
an  overpowering  glare.  Wrangel,  the  celebrated  Russian  traveller, 
etat«8  that  when  in  Siberia  he  once  met  a  hunter  who  said,  point- 
ing to  Jupiter^  "  I  have  just  seen  that  large  star  swallow  a  small 


Fig.  4 


one,  and  vomit  it  shortly  afWwards."  The  Russian  remarks  that 
the  sportsman  here  referred  to  an  immersion  and  subsequent  emer- 
sion of  the  III''  satellite,  on  which  Arago,  who  makes  the  cita- 
tion, says,  "  It  is  well-known  that  the  acuteness  of  sight  of  those 
natives  and  of  the  Tartars  has  become  proverbioL"  Other  similar 
observations,  including  one  by  himself,  are  given  by  Webb  p,  so 
that  we  may  now  regard  the  question  of  possibility  as  decided  in  the 
affirmative. 

The  satellites  of  Jupiter  are  seen  with  comparatively  so  limited 
an  amount  of  optical  power  that  I  shall  enter  at  some  length  into 
a  consideration  of  them. 

They  are  distinguished  by  ordinal  numbers  proceeding  outwards. 

■  JVofltA.  Jira(.R.A.S.,T<il.xxm.  p.iis. 
"  Ibid.., ol.  XX.  p.  111. 
f  Ctlft.Obj.,  p.  116. 
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Thus  the  '^  I*^'*!  satellite  is  the  one  nearest  to  the  primary,  the 
€t  jYth>>  ^jjg  Qug  most  distant.  To  determine  which  is  which,  the 
diagrams  given  in  the  Nautical  Almanac  will  usually  be  necessary, 
but  the  III'^,  as  the  largest  and  brightest,  will  generally  be  identified 
with  least  difficulty.  In  small  telescopes  it  is  scarcely  possible  to 
say  that  there  is  anything  to  distinguish  the  satellites  from  stars, 
beyond  a  noticeably  greater  steadiness  of  light;  increased  power 
will  indicate  discs,  but  a  very  considerable  augmentation  is  re- 
quisite for  detecting  physical  peculiarities.  "The  discovery  of  4 
bodies  revolving  round  a  primary,  exhibited  a  beautiful  illustration 
of  the  Moon^s  revolution  round  the  Earth,  and  furnished  a  most 
favourable  argument  in  favour  of  the  Copernican  theory.  The  an- 
nouncement of  this  fact  pointed  out  also  the  long  vista  of  similar 
discoveries  which  have  continued  from  time  to  time  down  to  the 
present  day  to  enrich  the  solar  system,  and  to  shed  a  lustre  on  the 
science  of  astronomy.'' 

The  eclipses,  occultations,  and  transits  of  the  Jovian  satellites 
offer  an  endless  series  of  interesting,  and  in  fact  useful,  phenomena. 
The  I"S  11°*,  and  III'*  undergo  an  eclipse  in  the  shadow  cast  by  the 
planet  into  space  once  in  every  revolution.  The  IV***,  however,  fre- 
quently escapes  this  ordeal,  in  consequence  of  the  plane  of  its  orbit 
coincidingwith  that  of  the  planet.  When  entering  the  shadow  the  im- 
mersion is  said  to  take  place ;  when  coming  out  of  it,  the  emersion — 
terms  which  explain  themselves.  Closely  associated  with  the  eclipses 
are  the  occultations — a  word  employed  to  express  the  concealment  of 
the  satellites  by  the  direct  interposition  of  the  planet  itself,  and 
not  by  the  shadow.  When  the  planet  has  passed  its  conjunction 
with  the  Sun,  the  shadow  is  projected  on  the  western  side,  and  at 
this  time  both  the  immersions  and  emersions  of  the  III'*  and  IV*** 
satellites  may  be  observed,  but  not  always  those  of  the  11*** ;  and 
only  the  emersions  of  the  I**,  in  consequence  of  its  proximity 
to  the  planet  causing  it  (after  first  undergoing  an  occultation) 
to  enter  the  shadow  behind  the  planet.  When  Jupiter  is  near  its 
opposition  to  the  Sun,  the  immersions  and  emersions  take  place 
very  close  to  the  planet's  limbs.  As  the  planet  again  approaches 
conjunction  the  shadow  is  projected  on  the  eastern  side,  giving  rise 
to  phenomena  partly  complementary  to  those  set  forth  above.     In 
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other  words,  whilst  the  immersions  and  emersions  of  III  and  lY 
are  always  visible,  and  those  of  II  frequently  visible,  the  immer- 
sions only  of  I  can  be  perceived  because  it  emerges  behind  Jupiter ; 
when  this  one  does  reappear  it  is  on  emersion  from  an  occuUatian. 

The  occultations  ''  generally  require  much  more  powerful  instru- 
ments for  their  satisfactory  observation  than  the  eclipses.  With  a 
telescope  of  adequate  power  we  may  trace  the  gradual  disappear- 
ance of  the  satellite  from  the  first  contact  with  the  limb  of  the 
planet  to  its  final  obscuration  behind  the  disc;  and,  as  viewed 
with  such  an  instrument,  these  phenomena  are  highly  interesting. 
The  occultations  of  the  IV^  satellite  are  usually  visible  throughout, 
u  e.  from  disappearance  to  reappearance ;  those  of  the  III'^  are  also 
frequently  observable.  But  it  happens  much  more  rarely  that  the 
complete  phenomenon  can  be  observed  in  regard  to  the  11°^  satellite, 
while  the  immersion  and  emersion  of  the  !■*  can  only  be  visible 
a  day  or  two  before  or  afber  the  opposition  of  Jupiter,  as  at  all 
other  times  either  the  immersion  or  emersion  must  happen  while 
the  satellite  is  obscured  in  the  planet's  shadow.  Thus  it  most 
usually  occurs  that  from  conjunction  to  opposition  the  reappearance 
only  of  the  I"*  and  II°*  satellite  can  be  observed,  and  the  disap^ 
pearance  only  from  opposition  to  conjunction  ^.'' 

Far  more  interesting  are  the  transits  of  the  satellites  and  their 
shadows  across  the  planet — ^phenomena  which,  it  is  easy  to  under- 
stand, are  of  frequent  occurrence  when  in  the  nearer  portions  of 
their  orbits.  The  satellites  appear  as  round  luminous  spots  pre- 
ceded or  followed  by  their  shadows,  which  shew  themselves  as 
round  black  spots.  The  shadow  precedes  the  satellite  when  Jupiter 
is  passing  from  conjunction  to  opposition,  but  follows  it  when  the 
primary  is  between  opposition  and  conjunction.  When  actually  in 
conjunction  the  shadow  is  in  a  right  line  with  the  satellite,  and  the 
two  may  be  superposed. 

Some  peculiarities  in  the  appearance  of  the  satellites  during 
transit  are  too  well  attested  to  be  passed  over.  Ill  in  parti- 
cular has  been  seen  almost  or  quite  as  dark  as  its  shadow,  and 
frequently  dusky  and  shaded.  IV  has  more  rarely  been  so  seen, 
but,  according  to  Dawes,  II  has  never  had  the  slightest  shading 

«  Hind,  Scl.  Systt  p.  loo. 
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on  its  disc,  sod  I  only  a  grey  tinge^  inferior  by  many  stutdes  to 
that  nsually  possessed  by  III.  Contrast  has  evidently  a  good  deal 
to  do  with  the  bring;iiig  out  of  these  shadings,  but  the  circum- 
staaeeB  attending  the  variations  in  this  intensity  are  less  intel- 
ligible. J.  D.  Cassini,  Maraldi,  Messier',  Schroter,  and  Sir  W. 
Herschel  are  amongst  the  earlier  observers  of  these  peculiarities. 


Thb   hi-'  SiATUun   or 

thb  rv"  aiT«uj«  0 

jDPITBB,Jm.  31,1860. 

Jdfitcb,  Fab.  11, 1S49 

(Da»a.) 

(an*..) 

and  W.  C.  Bond,  Lassell,  and  Dawes  amongst  the  more  recent 
ones.  Bond  saw  III  as  a  well-defined  black  spot  on  Jan.  38, 1848, 
and  again  on  March  11.  On  March  18  he  states  that  it  entered 
upon  the  disc  as  a  very  bright  spot,  more  brilliant  than  the  sur- 
ronnding  surface ;  that  20°'  later  it  had  so  decreased  in  brightness 
as  to  he  hardly  perceptible,  and  that  in  another  few  minutes  a  dark 
spot  suddenly  appeared  in  its  place,  which  was  seei^  for  %\^. 
It  was  sufficiently  conspicuous  to  be  measured  with  a  micrometer, 
was  perfectly  black,  nearly  round,  and  on  the  satellite.  The  con- 
verse of  this,  the  satellite  dark  first  and  bright  afterwards,  was 
witnessed  by  Prince  on  Jan,  31,  i860 '. 

On  June  a6,  i8a8,  II,  having  entered  on  the  disc  of  Jupiter, 
was  seen  1 2'°  or  15"  afterwards  otUside  the  limb,  where  it  remained 
visible  for  at  least  4"  and  then  suddenly  vanished.  Three  ob- 
servers of  eminence  (Sir  T.  Maclear,  Adm.  Smyth,  and  Dr. 
Pearson]  record  this,  so  there  can  scarcely  be  any  optical  illusioi), 
much  less  deception. 

Laesell  has  found  the  shadow  of  IV  very  much  larger  than  the 
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satellite  itself^  even  to  the  amount  of  double  the  diameter^  and  the 
same  shadow  larger  than  that  of  III^  though  the  satellite  itself 
is  smaller  than  III. 

I  record  these  observations  without  note  or  comment. 

On  April  5,  1861,  Mr.  T.  Bameby  saw  the  shadow  of  III  first 
in  the  shape  of  a  broad  dark  streak  such  as  the  cone  of  the  shadow 
would  represent  in  a  slanting  direction^  "  but  it  shortly  afterwards 
appeared  as  a  circular  spot  perfectly  dark  and  much  larger  than  the 
shadow  (which  was  visible  at  the  same  time)  of  the  third  satellite '' 
{die).  There  is  some  strange  mistake  in  this  latter  clause  (the 
shadow  of  I  is  probably   referred  to),  but   I  cite  the  passage 

Fig.  44- 


Plan  of  the  Jovian  System*. 

because  of  the  information  about  the  form  of  the  projection  of  the 
shadow,  which  though  very  reasonable  and  obvious  is  noticeable 
as  the  only  instance  I  have  met  with. 

*  The  satellite  orbits  in  this  and  the  following  chapters  are  all  drawn  to  scale,  but 
not  to  the  same  scale :  I  am  now  inclined  to  think  this  a  drawback. 

I  2 
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On  April  17, 1 86 1,  the  Eev.  R.  Main  saw  gatellite  II  occulted  by 
I,  and  the  two  appeared  as  one  for  some  7"  or  8". 

The  Jovian  satellites  move  in  orbits  nearly  circular,  and  between 
the  motions  of  the  first  three,  two  singular  relations  exist.  ''  The 
mean  sidereal  motion  of  the  first  added  to  twice  that  of  the  third, 
is  constantly  equal  to  three  times  that  of  the  second;  and  the  sidereal 
longitude  (f  the  first,  minus  three  times  that  of  the  second,  plus  twice 
that  of  the  third,  is  always  equal  to  180°.  From  this  it  follows  that 
for  a  very  long  period  of  time  the  3  interior  satellites  cannot  all  be 
eclipsed  at  the  same  time;  for  in  the  simultaneous  eclipses  of 
the  n°*  and  III'*  the  I**  will  always  be  in  conjunction  with 
Jupiter,  and  vice  versd"^.  Making  use  of  his  own  tables,  Wargentin 
has  calculated  that  simultaneous  eclipses  of  the  3  satellites  cannot 
take  place  before  the  lapse  of  1,317,900  years  ^,  and  an  alteration  of 
only  0'33"  in  the  annual  motion  of  the  IP*  satellite  would 
suffice  to  render  the  phenomenon  for  ever  impossible. 

The  following  special  elements  are  given  by  Hind^.  ''The 
line  of  apsides  of  the  III'*  satellite  revolves  in  about  137^  and 
that  of  the  IV**»  in  about  516^.  The  line  of  nodes  of  the  3 
exterior  satellites  revolves  in  a  retrograde  direction,  as  is  the  case 
with  the  nodes  of  the  lunar  orbit;  the  period  for  the  II°*  is 
3oy,  for  the  III'*  140^,  and  for  the  IV*"^  52oy.'' 

It  occasionally,  but  very  rarely,  happens  that  all  4  satellites  are 
for  a  short  time  invisible,  being  either  directly  in  front  of,  or 
behind  the  planet.  Such  was  the  case,  according  to  Molyneux  *, 
on  Nov.  2,  1 68 1  (o.  s.)  The  same  thing  was  noticed  by  Sir  W. 
Herschel  on  May  23,  1802;  by  Wallis  on  April  15,  i8a6;  and  by 
Dawes  and  W.  Grriesbach  on  Sept.  27,  1843.  Dawes  presented  an 
account  of  his  observations  to  the  Royal  Astronomical  Society  in 
1862  •.  Jupiter's  (apparent)  deprivation  of  its  satellites  lasted 
about  35™.     According  to  D' Arrest  ^  a  repetition  of  this  curious 

»  Laplace  has    demonstrated  by  the  »>  Ast.  Nach.,  No.  1377,  Aug.  25, 186a. 

theory  of  gravitation  that  if  this  redation  The  Danish  profenor,  in  an  interesting 

be  once  approximately  begun,    it  will  letter,  points  out  the  oommensurability 

always  last  within  a  few  hours  of  5187  revolutions  of 

»  Acta,  80c,  Upsal.,  p.  41.   1743.  the  I"»  satellite,  3583  of  the  II**,  laSi  of 

«  Sol.Sysl.,  p.  98.  the  ITI^,  and  5-^  of  the  IV«»»,  in  257  55*, 

*  Optickst  p.  371.  when  the  same  geooentrio  oonfigiuation 

•  Month.  Not,  R  A.S.,  voL  xxii.  p.  291.  will  recur. 
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phenomenon  will  next  occur  on  Nov.  14^  1868^  at  about  19^ 
Berlin  m.  t. 

The  satellites  appear  to  vary  in  brilliancy  in  a  way  wholly 
inexplicable.  I  have  already  stated  that  III  is  commonly  the 
brightest;  but  Maraldi  and  Bond  have  seen  the  contrary.  On  the 
whole^  perhaps^  we  are  justified  in  saying  that  the  faintest  is  IV ; 
but  this  is  peculiarly  irregular:  in  171 1  Bianchini  and  another^ 
and  on  June  13^  1849^  Lassell^  saw  it  so  feeble  as  to  be  almost 
invisible^  whilst  Webb  has  repeatedly  seen  it  surpass  III.  This 
observer  writes — "  Spots  .  .  .  may  cause  this  variable  light ;  but 
a  stranger  source  of  anomaly  has  been  perceived^ — ^the  discs  them- 
selves do  not  always  appear  of  the  same  size  or  form.  Maraldi 
noticed  the  former  fact  in  1707^  Herschel  90  years  afterwards 
inferring  also  the  latter;  and  both  have  since  been  confirmed. 
Beer  and  Madler^  Lassell^  and  Secchi  have  sometimes  seen  the  disc 
of  II  larger  than  I ;  and  Lassell,  and  Secchi  and  his  assistant^  have 
distinctly  seen  that  of  III  irregular  and  elliptical ;  and  according 
to  the  Roman  observers  the  ellipse  does  not  always  lie  the  same 
way.  Phenomena  so  minute  hardly  find  a  suitable  place  in  these 
pages^  but  they  seem  too  singular  to  be  omitted;  and  in  some 
cases,  possibly,  small  instruments  [?]  may  just  indicate  them;  at 
least,  with  an  inferior  fluid  achromatic  reduced  to  3  inches  aperture 
I  have  sometimes  noticed  differences  in  the  size  of  the  discs  which 
I  thought  were  not  imaginary  ^.^' 

Sir  William  Herschel,  by  attention  and  prolonged  observations, 
was  led  to  infer  that  all  the  satellites  rotated  on  their  axes  in  the 
same  time  that  they  respectively  made  a  synodical  revolution  round 
their  primary,  thus  presenting  an  analogy  to  the  case  of  our  Moon. 
The  immediate  reason  which  induced  this  conclusion  was  the 
circumstance  that  the  variation  in  their  brilliancy  always  recurred 
in  nearly  the  sam^  positions  of  the  satellites  with  respect  to  Jupiter 
and  the  Sun,  which  fact,  merely  as  such,  had  already  been  noticed 
by  Cassini**. 

Arago  thus  sums  up  Sir  William  HerschePs  photometric  deduc- 
tions.    ^^The  I*^  satellite  is  at  its  maximum  brightness  when  it 

«  Cdeti.  Ghj.,  p.  119. 

**  M6m,  Acad,  dea  Sciences,  vol.  i.  p.  «66. 


118  The  Sun  and  Planets.  [Book  I. 

attains  the  point  of  its  orbit  which  is  almost  midway  between  the 
greatest  eastern  elongation  and  its  conjunction.  The  brightest 
side  of  the  11°^  satellite  is  also  turned  towards  the  Earth  when 
that  body  is  between  the  greatest  eastern  elongation  and  eon- 
junction.  The  brightness  of  the  III'^  satellite  attains  2  maxima 
in  the  course  of  a  revolution^  namely  at  the  2  elongations.  The 
rV*^  shines  with  a  bright  light  only  a  little  before  and  a  little 
after  opposition*.^'  Various  observers  have  assigned  colours^  or 
rather  tinges^  to  the  different  satellites^  but  the  results  are  not  by 
any  means  sufficiently  of  accord  to  be  worth  citing. 

Eclipses  as  viewed  on  Jupiter  take  place  on  a  grand  scale ;  for 
in  consequence  of  the  small  inclination  of  the  orbits  of  the  satellites 
to  the  planet's  equator  and  the  small  inclination  of  the  latter  to 
the  ecliptic^  all  the  satellites^  the  lY^^  excepted^  are  eclipsed  some 
time  in  every  revolution;  so  that  a  spectator  on  Jupiter  might 
witness  during  the  Jovian  year  4500  eclipses  of  the  Moon  (Moons) 
and  about  the  same  number  of  the  Sun. 

Soon  after  their  discovery  it  suggested  itself  to  the  reflecting 
mind  of  Oalileo  that  eclipses  of  the  satellites  of  Jupiter  might  be 
made  useful  for  determining  the  longitude.  Regarding  eclipses 
as  instantaneous  phenomena  visible  at  the  same  moment  in  every 
place  which  has  the  planet  above  its  horizon^  it  is  clear  that  a 
comparison  of  observations  recorded  in  2  local  times  would  afford 
data  for  determining  the  difference  of  time  or  of  longitude  between 
the  places  to  which  the  times  belong.  Eclipses  9XicurB.tely  predicted 
for  one  meridian  observed  under  another  one  would  afford  a  still 
more  advanced  means  of  ascertaining  the  difference  of  longitude 
between  them.  These  eclipses  can  be  predicted ;  but  at  sea^  where 
the  problem  has  chiefly  to  be  solved,  they  cannot  be  observed  with 
the  most  refined  accuracy,  and  on  land  some  difficulties  present 
themselves ;  so  the  method  to  some  extent  breaks  down,  except  for 
approximate  purposes. 

It  was  to  observations  of  the  satellites  of  Jupiter,  and  Romeros 
discussion  of  them  in  1675,  that  we  owe  the  discovery  that  light 
is  not  propagated  instantaneously  through  space'.     It  was  found 

''  Pop.  Ast.,  vol.  ii.  p.  549,  Eng.  ed. 

'  Operc  di  Galileo^  vol.  ii.  p.  33.    Pwlua  ed.,  1744. 
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that  the  calculated  times  of  the  eclipses  did  not  correspond  with 
the  observed  times^  and  that  the  difference  was  a  quantity  con- 
stantly affected  by  opposite  signs  of  error  according  as  Jupiter 
was  in  perigee  or  apogee.  In  the  former  case  the  eclipse  always 
occurred  before  the  calculated  time;  in  the  latter^  always  after  it. 
The  regularity  with  which  these  anomalies  shewed  themselves 
led  Bomer  to  suspect  that  they  had  their  origin  in  variations  in 
the  distance  of  Jupiter  from  the  Earth :  that  as  this  increased  or 
diminished  so  a  longer  or  a  shorter  period  was  requisite  for  light 
to  traverse  the  interval  between  the  2  planets.  Assuming  from 
the  data  in  his  possession  that  light  travelled  at  the  rate  of 
192^000  miles  per  second^  and  required  16^™  to  traverse  the 
diameter  of  the  Earth's  orbit,  and  applying  this  (as  yet  hypo- 
thetical) conclusion  to  the  eclipses^  in  the  form  of  a  trial-correction^ 
Romer  promptly  obtained  proofs  of  the  accuracy  of  his  reasoning. 
The  modem  experiments  of  Fizeau  have  given  a  result  but  slightly 
differing  in  amount  from  Romeros:  Fizeau's  velocity  is  194^000 
miles  per  second  s. 

Like  most  new  discoveries  Romeros  did  not^  when  promulgated^ 
find  favour  in  the  scientific  world,  and  many  years  elapsed  ere  it 
was  generally  accepted. 

The  mass  of  Jupiter  has  never  been  a  very  doubtful  quantity,  all 
the  values  being  much  more  in  accordance  with  one  another  than 
is  usually  the  case.  Laplace,  from  Pound's  observations  of  the 
IV***  satellite,  placed  it  at  y^^ ;  Bouvard,  from  the  perturbations 
of  Saturn,  at  xo\o  >  Nicolai,  from  the  perturbations  of  Juno,  at 
xmri-TT ;  Encke,  from  the  perturbations  of  Vesta,  at  xrmy  9  ^^^ 
from  perturbations  of  the  Comet  bearing  his  name,  njSr  >  Santini 
at  xArri  -A-iry  at  lOAl'l^^;  aiid  Bessel  at  tutV'Ft-  The  two  last 
are  accepted  indifferently  as  the  truest  results. 

'^  The  most  ancient  observation  of  Jupiter  which  we  are 
acquainted  with  is  that  reported  by  Ptolemy  in  Book  X.  chap.  iii. 
of  the  Almagesty  and  considered  by  him  free  from  all  doubt.  It  is 
dated  in  the  83'**  year  after  the  death  of  Alexander  the  Great,  on 

•  Consequent  on  the  reduction  in  the  assumed,  and  singularly  enough  some  ex- 
received  value  of  the  solar  parallax  a  re-  periments  of  Foucault's  made  htfwt  the 
duction  in  the  velocity  of  light  by  several  paraUax  question  came  up  for  general  dia- 
thousands  of  miles  per  second  must  be  cussion  pointed  to  the  same  conclusion. 
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the  1 8^^  of  the  Egyptian  month  Epiphi,  in  the  morning,  when  the 
planet  eclipsed  the  star  now  known  as  h  Cancri.  This  observation 
was  made  on  Sept.  3,  B.C.  240,  about  18^  on  the  meridian  of 
Alexandria.'' 

The  tables  of  Jupiter  now  used  are  those  of  A.  Bouvard,  published 
in  182 1.  For  the  satellites,  Damoiseau's  (published  in  1836)  are 
employed. 
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Period,  <tc Figure  of  Saturn — Belts  and  Spots. — Probable  atmosphere ObservaHons 

of  OalileOt  and  the  perplexity  they  earned. — Logograph  sent  by  him  to  Kepler, — 
Huyghens*s  discovery  of  the  Ring. — His  logograph. — The  bisection  of  the  JRing 
discovered  by  the  Brothers  Ball. — Historical  epitome  qf  the  progress  of  discovery . 
— The  "Dusky**  Ring. — Facts  relating  to  the  Rings. — Appearances  presented  by 
them  under  different  circumstances, — Rotation  of  the  Ring. — Seeches  inquiries  into 
this. — The  Ring  not  concentric  with  the  BaU. — Measurements  by  W,  Struve. — Other 
measurements. — Miscellaneous  particulars. — Ring  probably  fluid. — 0.  Strwr«'« 
surmise  about  its  contraction. — Irregularities  in  the  appearances  of  the  anscs. — 
Rings  not  bounded  by  plane  surfaces. — MounUtins  suspected  on  them. — An  atmo- 
sphere suspected, — Saturn  attended  by  8  Satellites, — Table  of  them. — Physical  data 
rdating  to  each* — Elements  by  Jacob. — Transits  cf  Titan, — Peculiarity  relative  to 
the  illumination  of  lapetus. — Mass  of  Sat/wm, — Ancient  observations. — SaturtUan 
astronomy. 

TNFERIOR  in  size  to  Jupiter  alone^  Saturn  may  fairly  be 
-*"  pronounced  the  most  interesting  member  of  the  solar  system. 
It  revolves  round  the  Sun  in  io759'2'*  or  29*45^  at  a  mean  distance 
of  872,134,000  miles,  which  an  orbital  eccentricity  of  0*056  may 
increase  to  921,105,000,  or  diminish  to  823,164,000  miles.  Its 
apparent  diameter  varies  between  14*6"  in  conjunction,  and  20*3" 
in  opposition,  and  its  real  (equatorial)  diameter  may  be  taken  at 
71,904  miles.  Its  polar  compression  is  larger  than  that  of  any 
other  planet,  Jupiter  not  excepted  :  but  it  is  usually  less  noticeable 
than  that  of  Jupiter  because  the  ring  distracts  the  eye.  BesseFs 
value  of  the  compression  is  yt^^  >  Sir  W.  Herschel's  tt^Vt  i  Rey, 
R.  Main's  ^\^^;  and  Hind's  7^. 


*  For  drawings;  &c.  of  Saturn,  see 
Annah  of  Hansard  Coll.  Obs.t  vol.  ii.  (no 
drawings  by  the  Bonds) ;  Ast.  Nach.f  No. 
650,  vol.  xxviii.  (J.  F.  J.  Schmidt) ;  Ibid., 
No.  919,  (Secchi) ;  Mem.  R.A.S.,  vol. 
iv.  p.  383  (Kater) ;  Ibid.,  vol.  xxi.  p.  151 
(8  figs,  by  Lassell) ;  Month.  Not.  R JI.S., 
vol  xi.  p.  33  (Dawes  and  Lassell) ;  Jbid.t 
vol.  xiii.  p.  16  (Dawes) ;  Ibid.,  vol.  xiv.  p. 
1 7  (Dawes) ;  Ibid.t  vol.  xv.  p.  79  (Dawes) ; 


Ibid.,  vol.  xvi.  p.  no  (i  fig.  by  Jacob)  ; 
Ibid.,  vol.  xviii.  p.  75  (abstract  of  Har- 
vard Obs.) ;  and  vol.  xxii.  p.  89  (1  figs, 
by  Jacob). 

•»  See  Month.  Not.  RA.S.,  vol.  xiii.  p. 
79  for  others,  and  same  vol.,  p.  15?,  for  a 
note  by  the  Rev.  R.  Main :  an  important 
memoir  by  the  same  observer  appears  in 
Mem.  R.A.S.,  vol.  xviii. 
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Saturn  bas  no  perceptible  phases. 

The  figure  of  Satnrn  is  now  quite  understood  to  be  that  of 
an  oblate  spheroid,  but  at  one  time  considerable  doabt  existed 
about  the  matter  in  consequence  of  Sir  W.  Herschel  having 
adranoed  the  opinion  that  the  planet  was  compressed  at  the 
equator  as  well  as  at  the  poles ;  or,  as  it  is  generally  phrased,  that  it 
resembled  a  parallelogram  with  the  comers  rounded  off,  so  as  to 
leave  both  the  equatorial  and  the  polar  regions  flatter  than  they 
would    be  in  a  r^fular  spherical   figure.      This   opinion,   never 

Fig.  ♦s- 


SlTDRH,  Miiroh  37  and  19,  1856.     {Dt  La  R%e.) 

received  with  much  favour,  is  now  entirely  exploded,  chiefly 
owing  to  actual  micrometric  measurements,  performed  by  Bessel  in 
1833.    Some  optical  illusion  was  probably  at  the  foundation  of  it. 

Belts  exist  on  Saturn  resembling  those  of  Jupiter,  but  they  are 
very  much  fainter.  They  are  probably  of  the  same  physical 
character,  but,  as  Arago  points  out,  differ  &om  Jupiter's  in  the 
respect  that  they  exhibit  a  sensible  curvature,  whilst  those  of 
Jupiter  are  rectilinear.  Hence  we  draw  the  conclusion  that  if  the 
belt«  of  Saturn  are  parallel  to  the  planet's  equator  (as  probably  is 
the  case),  then  the  plane  of  this  equator  must  make  a  rather 
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considerable  angle  with  the  ecliptic.  A  quintuple  belt  furnished 
Sir  W.  Herschel  with  the  means  of  determining  the  period  of  the 
planet^s  axial  rotation,  which  he  fixed  at  lo''  16"  0'44»,  from 
observations  extending  over  100  rotations  between  Dec.  4,  1793 
and  Jan.  16,  1794®.  Schroter's  results  exceed  this,  but  contradict 
themselves  considerably.     Spots  on  Saturn  are  very  rare. 

Sir  W.  Herschel  considered  that  he  had  obtained  decided  indica- 
tions of  the  existence  of  an  atmosphere  on  Saturn :  the  satellites 
when  undergoing  occultations  never  disappeared  instantaneously, 
but  seemed  to  hang  on  the  planet^s  limb,  in  one  case  for  as  long  as 
20™.  This  would  infer  a  horizontal  parallax  of  2".  Other  proofs 
of  an  atmosphere  the  same  observer  found  not  to  be  wanting : 
an  examination  of  the  polar  regions  on  various  occasions  shewed 
that  according  as  they  were  turned  towards  or  from  the  Sun 
a  difference  of  hue  was  perceptible,  which  might  reasonably  be 
supposed  to  be  due  to  snow  in  those  regions  melting  under  the 
Sun^s  rays,  and  accumulating  in  the  absence  of  those  rays,  as  has 
been  explained  when  speaking  of  Mars. 

When  this  planet  was  first  telescopically  examined  by  Ghilileo, 
he  noticed  that  it  presented  a  very  oval  outline,  which  in  his 
opinion  gave  the  notion  of  a  large  planet  having  on  either  side  of  it 
one  smaller  one.  He  added,  that  with  telescopes  of  superior  power, 
the  planet  did  not  appear  triple,  but  exhibited  an  oblong  form, 
somewhat  like  the  shape  of  an  olive  *. 

Continuing  his  observations,  the  illustrious  astronomer  was  not 
long  in  noticing  that  the  two  (supposed)  bodies  gradually  decreased 
in  size,  though  still  in  the  same  position  as  regards  their  primary  % 
until  they  finally  disappeared  altogether.  Oalileo^s  amazement  at 
this  was  unbounded,  and  his  third  letter  to  Welser,  dated  Dec.  4, 
i6t2,  in  which  he  expresses  his  feelings  on  the  subject,  is  stiU 
extant.     He  remarks : — 

''What  is  to  be  said  concerning  so  strange  a  metamorphosis? 
Are  the  two  lesser  stars  consumed  after  the  manner  of  the  solar 
spots?  Have  they  vanished  or  suddenly  fled?  Has  Saturn, 
perhaps,  devoured  his  own  children?     Or  were  the  appearances 

"  Phil.  TraM.j  vol.  Ixxiv.  p.  61.    1794. 
'  Opere  di  Oalileo,  vol.  ii.  p.  41.     Padua  ed.,  1744.  *  Ibid. 
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indeed  illusion  or  frauds  with  which  the  glasses  have  so  long 
deceived  me^  as  well  as  many  others  to  whom  I  have  shewn  them  ? 
Now,  perhaps,  is  the  time  come  to  revive  the  well-nigh  withered 
hopes  of  those  who,  guided  by  moi*e  profound  contemplations,  have 
discovered  the  fallacy  of  the  new  observations,  and  demonstrated 
the  utter  impossibility  of  their  existence.  I  do  not  know  what  to 
say  in  a  case  so  surprising,  so  unlocked  for,  and  so  novel.  The 
shortness  of  the  time,  the  unexpected  nature  of  the  event,  the 
weakness  of  my  understanding,  and  the  fear  of  being  mistaken, 
have  greatly  confounded  me '.''  Galileo  was  so  disgusted  that  he 
entirely  abandoned  observations  of  Saturn. 

The  original  discoveiy  was  announced  to  Kepler  in  the  following 
logograph*: — 

smusmrinilmepoetalevmibviienygttavirM ; 

which,  being  transposed,  becomes— 

altiBsimvin  planetam  tergeminym  obserTaTi ; 
"  I  have  observed  the  most  distant  planet  to  be  threefold." 

As  time  wore  on,  more  correct  ideas  were  obtained  of  the 
phenomenon,  which  gradually  came  to  be  looked  upon  as  due  to 
the  existence  of  two  ansse,  or  handles,  to  the  planet,  though  the 
cause  of  their  disappearance  from  time  to  time  was  yet  unexplained. 
It  was  not  till  after  the  lapse  of  nearly  50  years  that  the  true  cause 
of  the  appearance  seen  by  Galileo  and  others  became  known. 
C.  Huyghens  was  the  discoverer,  and  he  intimated  his  discovery  in 
the  following  logograph  ^ : — 

aaaaaaa  ccocc  d  eeeee  g  h  iiiiili  1111  mm  nnnnnnnnn  0000  pp  q  rr  s  ttttt  auuua ; 

which  letters,  when  placed  in  their  proper  order,  give — 

annulo  cingitur  tenui  piano,  nusqnam  cohaerente,  ad  eclipticam  inclmato ; 


"The  planet  is  surrounded  by  a  slender  flat  ring,  eveiywhere  distinct  from  its 
surface,  and  inclined  to  the  ecliptic  *." 


With  the  view  of  commending  his  hypothesis  to  the  attention  of 
astronomers,  Huyghens  ventured  to  predict  that  in  the  month  of 

'  Opere  di  0(Uileo,yol.  u.  Tp,  15a.  Padua  an  engraving  of  Sani,  the  Saturn  of  the 

ed.,  1744.  Hindiis,  from  an  image  in   an  ancient 

8  Ibid.f  p.  40.  pagoda.    A  circle  is  formed  around  him 

*»  Z>e  Satumi  Luna  Observatio  Nova.  by  the   intortwinin>(   of    two  serpents  ; 

Hagse,  1656.  Followed  in  1 659  by  detailed  whence  the  writer  infers  that,  by  some 

particulars  in  the  Sy sterna  Satumium,  means  or  other,  the  existence  of  Saturn's 

*  Maurice  {Indian   AntiquUitt)  g^ves  ring  may  have  been  known  in  remote  ages. 
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July  or  Aug^t  167 1  the  planet  would  again  appear  round;  and 
in  this  he  was  nearly  correct^  for  Cassini^  watching  the  disappearance 
of  the  ring^  found  the  planet  presenting  this  aspect  within  2  months 
of  the  time  foretold  by  Huyghens,  or  in  May  1671. 

As  advances  have  been  made  in  the  manufacture  of  telescopes^ 
so  our  acquaintance  with  the  Saturnian  system  has  been  increased. 
On  Oct.  13,  1665,  within  a  very  few  years  of  Huyghens^  discovery, 
2  English  observers  of  the  name  of  Ball,  residing  at  Minehead 
in  Somersetshire,  discovered  that  what  Huyghens  saw  as  one  ring 
was  in  reality  a  combination  of  two,  lying  concentrically,  one 
within  the  other.  The  honour  of  this  was  conceded  to  Cassini  (who 
ascertained  the  fact  independently  in  1675)  till  Hind  in  1852  called 
attention  to  the  observations  of  the  English  amateurs,  which  he 
found  in  the  Philoaophical  Transactions  K 

We  have  now  certain  knowledge  of  the  existence  of  more  than 
2  rings,  and  the  system  will  best  be  described  as  a  muUiple  one. 

It  is  stated  by  Lalandei  that  Short,  the  celebrated  optician, 
perceived  several  concentric  streaks  on  the  outer  ring.  It  is  not 
known  that  Short  left  any  record  of  his  own  relating  to  this. 

Between  June  19  and  26,  1780,  Sir  W.  Herschel™  perceived 
a  slight  dark  streak  close  to  the  interior  edge  of  the  western  ansa. 
It  had  disappeared  on  June  29,  and  no  corresponding  appearance 
at  all  was  seen  on  the  other  ansa. 

In  Dec.  1823  M.  Quetelet,  at  Paris,  with  a  Cauchoix  achro- 
matic of  10  inches  aperture,  thought  he  saw  a  division  in  the 
exterior  ring  ^ 

On  Dec.  17,  1825,  Capt.  BLater,  with  a  6-inch  Newtonian  re- 
flector, perceived  in  the  exterior  ring  numerous  black  streaks  very 
close  to  each  other®.  On  Jan.  16,  1826,  with  another  telescope, 
the  same  observer  saw  similar  markings,  but  as  on  Jan.  22,  1828 
none  whatever  could  be  perceived,  he  concluded  that  they  had  no 
permanent  existence. 

On  April  25,  1837,  EnckeP,  at  Berlin,  assured  himself  of  the 
existence  of  a  division  in  the  exterior  ring ;  on  May  28  following 


k  PkiL  Trans.y  vol.  i.  p.  15a.     1666.  »  Mem.  R.A.S.,  vol.  iv.  p.  383  el  uq. 

'  Attronmnit.  "  Ibid. 

»  Phil.  Trans.    179a.  »»  Trans.  Berl.  Acad. 
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he  was  able  to  procure  measurements  which  shewed  that  the  old 
ring  was  unequally  divided^  the  wider  lying  outermost. 

On  May  29,  1838,  Di  Vico,  at  Rome^  perceived  not  only  this 
division  in  the  exterior  ring^  but  two  similar  divisions  in  the 
interior. 

On  Sept.  y,  1843^  Lassell  and  Dawes  ^  saw  a  decided  division  in 
the  exterior  ring  at  both  ends,  but  placed  it  near  the  outermost  edge, 
thereby  failing  to  agree  with  Encke's  measurements  of  1837. 

This  subdivision  of  the  exterior  ring  is  now  generally  accepted', 
and  De  La  Rue's  beautifully  executed  engraving,  of  which  I  give 
a  wood-cut  copy  [Fig.  45,  p.  122],  conveys  a  good  idea  of  it. 

The  discovery  of  another  curious  and  interesting  feature  has  now 
to  be  detailed.  In  1838  Gralle,  in  examining  Saturn,  noticed  a 
gradual  shading  off  of  the  interior  bright  ring  towards  the  ball. 
He  published  this,  but  little  or  no  attention  seems  to  have  been 
paid  to  it".  On  Nov.  11,  1850,  G.  P.  Bond  perceived  a  luminous 
appearance  between  the  ring  and  the  planet:  subsequent  ob- 
servations by  himself  and  his  father  shewed  that  this  luminous 
appearance  was  neither  more  nor  less  than  another  ring.  Neither 
of  these  gentlemen  could  satisfactorily  determine  whether  this 
dusky  ring  (as  it  soon  came  to  be  called)  was  actually  in  contact 
with  the  interior  bright  ring,  but  they  thought  it  was  not. 
Before  the  arrival  of  the  American  mail  conveying  intelligence 
of  this  new  ring,  Dawes  had  found  it.  On  Nov.  29  he  entered 
in  his  journal  the  following  remark :  '^  After  a  few  seconds  of 
uncommonly  sharp  vision,  I  involuntarily  exclaimed,  'Obvious.' 
There  is  a  shading,  like  twilight,  at  the  inner  portions  of  the 
ring^.''  This  able  and  acute  observer  was  not  long  in  ascertaining 
the  annular  character  of  the  "  shading,''  and  he  farther  found  (and 
O.  Stinive  also)   that  the  dusky  ring  was  really  a  divided  one. 


<i  Month.  Not,  R.  A.S.,  vol.  vi.  p.  I  a. 

**  Jacob  contra.  He  expressed  in  un- 
equivocal terms  his  conviction  that  the 
black  mark  or  so-called  division  in  the 
exterior  ring  was  merely  a  depression. 
He  was  confident  that  it  reflected  the 
planet^s  shadow,  shewing  an  apparent 
projection,  such  as  every  shadow  falling 
on  a  groove  has.  {Month.  Not.  R.A.S., 
voL  xvi  p.  ia6  ;  vol.  xvii.  p.  174.)   Hip- 


pisley  and  Watson  disbelieve  in  a  divi- 
sion, and  adhere  to  the  opinion  that  the 
mark  is  merely  a  mark,  and  that  its 
breadth  varies.  {Month.  Not.  R.A.S., 
vol.  xiv.  p.  163  ;  vol.  xvi.  p.  151.) 

"  Trans.  Berl.  Acad.,  1838.  See  also 
Ast.  Nach.,  No.  756  ;  and  Month.  Not, 
R.A.S.,  vol.  xi.  p.  184. 

^  Month.    Not.    R.  A.  S.,  vol.  zi.   p. 
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This  fact  is  not  indicated  in  De  La  Rue's  engraving,  but  the 
transparent  nature  of  the  entire  ring  is  well  shewn.  On  Dec.  3 
Lassell,  while  on  a  visit  to  Dawes,  saw  "  something  like  a  crape 
veil  covering  a  part  of  the  sky  within  the  inner  ring:''  this 
observation,  it  would  seem,  was  not  made  in  consequence  of  any 
hint  given  by  Dawes  as  to  what  he  himself  had  seen,  so  Lassell 
must  be  regarded  as  a  third,  or,  reckoning  Gralle,  a  fourth  in- 
dependent discoverer  °.  It  has  been  thought  that  this  dusky  ring 
is  wider  and  less  faint  than  formerly. 

The  transparency  of  the  dusky  ring  was  not  ascertained  till  1852; 
Jacob,  Dawes,  and  Lassell  share  this  discovery  between  them  *. 

Having  said  this  much  on  the  history  of  these  discoveries, 
I  must  point  out  some  of  the  facts  connected  with  the  rings. 
Their  true  form  is  no  doubt  circular,  or  nearly  so;  but  as  we 
always  see  them  foreshortened,  they  appear  more  or  less  oval 
when  the  Earth  is  above  or  below  the  plane  of  the  rings,  but 
when  we  are  nearly  in  the  plane  they  appear  as  a  single  straight 
line.  When  we  are  exactly  in  the  plane  they  disappear  altogether. 
The  diagram  will  make  this  suifieiently  clear.  In  the  true  position 
of  the  rings,  during  Saturn's  revolution  round  the  Sun,  there  is  no 
change :  they  remain  continually  parallel  to  each  other. 

The  plane  of  the  rings  is  inclined  28°  1 1'  to  the  ecliptic,  and 
intersected  it  in  i860  in  longitude  167**  39'  36"  and  347**  39'  36" 
(18°  of  Virgfo  and  Pisces) ;  the  former  point  being  the  place  of  the 
ascending  node,  the  Earth  there  ascending  from  beneath  the  plane 
of  the  rings  to  their  northern  side ;  and  the  latter  the  descending 
node,  the  contrary  taking  place.  According  to  Bessel  the  longi- 
tude of  the  node  of  the  ring  increases  46-462"  i?^r  annum. 

Whether  viewed  from  the  Earth  or  from  the  Sun,  the  pheno- 
mena seen  in   connexion   with  the   rings   are   pretty   much   the 

"  A  passage  in  PhiL  Trorw.,  1713,  by  «  Perhaps  this  sentence  requh^s  to  be 
Halley,  almost  leads  one  to  infer  that  he  qualified,  for  Galle,  in  his  drawing,  re- 
had  seen  the  dusky  ring,  though  without  presents  the  planet  seen  through  the 
being  able  to  make  up  his  mind  as  to  ring ;  but  it  must  be  remarked  that  he 
what  it  was.  Hind,  in  Month.  Not.  vol.  did  ngt  know  he  was  looking  at  a  ring, 
XV.  p.  32,  expresses  his  belief  that  a  re-  and  only  intended  to  draw  what  was  (and 
cord  of  Picard's  will  fairly  bear  the  inter-  readily  might  be)  taken  for  a  belt  on  the 
pretation  that  he  saw  the  dusky  ring,  planet  of  more  than  ordinary  intensity  of 
with  the  like  comprehension  as  Galle,  on  shade. 
June  15,  1673. 
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same,  Lut  the  motion  of  the  former  in  its  orbit  (the  inclination 
of  wliich  ditfcTB  somewhat  from  that  of  Saturn)  givM  rise  to 
certain  |thasra  in  the  rin^rs  which  would  not  be  witnessed  by 
an  obBiTvtir  placed  on  tlic  Sun.  "  Thus  it  uanally  happens  that 
there  are  2,  if  not  3,  disappearances  about  the  time  of  the 
planet's  arrival  at  the  nodes.  The  plane  of  the  ring  m^  not 
pass  throufrh  the  Earth  and  the  Snn  at  the  sanie  times^  but 
the  ring  may  be  invisible  under  both  conditions,  hecaose  its 
edge  only  will  be  directed  towards  us.     It  is  also  ioTisihle  when 

Fi'a-  40- 


Satubh'is  KiKca. 


the  Earth  and  the  Sun  arc  on  opposite  eides  of  its  plane — %  state 
of  things  that  may  continue  a  few  weeks:  in  this  case  we  have 
the  dark  surface  turned  towards  our  globe.  In  very  powerftil 
tcleecopcs  it  has  been  found  that  the  disappearance  of  the  ring^ 
is  complete  under  the  latter  condition;  it  has,  however,  been 
perceived  as  a  faint  broken  line  of  a  dusky  colour,  not  only 
when  the  Sun  is  in  its  plane,  but  likewise  when  its  edge  is 
directed  to  the  Earth.  Our  remarks  must  be  considered  as 
appljiuf^   to   observations   with  the  telescopes  in  common  use." 


I86l  ;   Novaiuber.     {Anaa.} 


1862:    Jin.  5,     (,KV 
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The  foregoing  quotation  is  from  Hind  7;  a  fuller  account  is 
given  by  Sir  John  Herschel*,  but  it  is  beyond  my  purpose  to 
go  further  into  this  subject. 

Saturn's  period  being  29*458^,  the  half  of  this,  or  14*729^,  will 
be  the  average  time  elapsing  between  2  nodal  passages.  Such 
a  passage  took  place  in  1848.  The  northern  surface  of  the  ring 
had  been  visible  for  14*7^.  By  April  22  the  motion  of  the  planet 
and  the  Earth  caused  the  ring  to  present  its  edge  to  the 
Earth,  and  finally  to  disappear,  the  Sun  being  then  to  the 
north  of  the  plane.  On  Sept.  3,  the  Sun,  passing  through  the 
plane  of  the  ring,  began  to  illuminate  its  northern  surface ;  the 
Earth  then  being  also  on  that  side,  the  ring  reappeared.  But  9 
days  afterwards,  or  on  Sept.  12,  the  Earth  went  to  the  north,  and 
the  Sun  remaining  on  the  south  side,  a  second  disappearance  took 
place.  The  ring  remained  invisible,  in  consequence  of  presenting 
its  unilluminated  side  to  us,  till  Jan.  18,  1849,  when  the  Earth 
once  more  passing  through  the  plane  of  the  ring  to  the  south, 
the  southern  side  came  into  view — a  state  of  things  which 
lasted  for  several  years.  One-fourth  of  a  revolution,  occupying 
T3^i  brought  the  planet  by  Jan.  1856  into  77*5°  of  longitude, 
one  of  the  two  places  at  which  the  greatest  opening  of  the  rings 
occurs.  From  this  time  the  breadth  diminished  till  Nov.  23, 1861, 
when  the  motion  of  the  planet  and  the  Earth  again  brought  the 
ring  edgewise  to  the  Earth  and  caused  it  to  disappear,  the  Sun 
being  south  of  the  plane,  and  the  Earth  crossing  to  the  north. 
On  Jan.  31,  1862,  the  Sun,  passing  through  the  plane  of  the 
ring,  began  to  illuminate  its  northern  surface,  and  the  Earth 
being  also  on  that  side,  the  ring  reappeared.  On  May  17  the 
Earth  went  to  the  south,  and  the  Sun  remaining  on  the  north, 
a  second  disappearance  took  place.  The  ring  remained  invisible, 
in  consequence  of  presenting  its  unilluminated  side  to  us,  till 
Aug.  12,  1862,  when  the  Earth  once  more  passing  through  the 
plane  of  the  ring  to  the  north,  brought  the  northern  side  into 
view — a  state  of  things  which  will  last  till  1877.  The  next  greatest 
opening  out  of  the  ring  will  occur  in  Aug.  1 869,  the  planet  being 
in  longitude  257*5**.     It  will  be  seen  from  De  La  Rue's  drawing, 

y  Introd.  to  Ati.,  p.  107.  «  Outlines  of  Ast,  p.  343  ct  teq. 
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taken  at  the  last  epoch  of  maximum  breadth,  that  the  ball  is 
entirely  encompassed  by  the  ring,  and  thus  the  outline  of  the 
whole  system  is  a  perfect  ellipse :  this  lasts  for  several  months. 

By  a  careful  examination  of  the  ring  Sir  W.  Herschel  ascer- 
tained that  it  revolves  round  the  ball  in  lo**  3a™  15* — a  period 
not  greatly  in  excess  of  that  of  the  planet's  own  axial  rotation : 
the  direction  is  the  same  in  both  cases.  There  are  difficulties  in 
the  way  of  admitting  this  rotation,  but  it  is  generaUy  felt  that  the 
probabilities  in  favour  of  it  preponderate  •. 

In  1854-5-6,  Secchi  executed  numerous  measures  of  the  rings^ 
which  exhibited  considerable  discordances.  He  afterwards  found 
that  whilst  those  of  2  consecutive  days  did  not  harmonise  those 
of  3  and  9  days  did ;  and  the  idea  then  occurred  to  him  that  the 
results  might  be  explained  by  supposing  the  ring  to  be  elliptical, 
presenting  sometimes  its  longer,  sometimes  its  shorter  diameter. 
He  failed  to  reconcile  Herschel's  period  of  rotation  with  his  own 
observations,  but  found  that  a  period  of  14**  23"  1 8*  would  satisiy 
them.  This  period  corresponds  with  that  which  a  satellite  placed 
on  the  margin  of  the  ring  would  have  ^ 

Some  years  ago  O.  Struve  introduced  a  system  for  conveniently 
distinguishing  the  rings  from  each  other  in  writing  and  speaking, 
which  is  now  generally  adopted.  He  called  the  exterior  bright 
ring  A,  the  interior  bright  ring  B,  and  the  dusky  one  C.  When 
reference  is  made  to  the  whole  system  it  is  very  usual  to  say 
'ring'  in  the  singular  number,  though  no  one  ring  in  particular 
is  thereby  meant. 

The  ring  is  not  concentric  with  the  ball.  Oallet  of  Avignon 
announced  this  in  1664,  placing  the  ball  nearer  to  the  east  ansa. 

In  1 827,  Schwabe  expressed  his  belief  that  the  ring  was  eccentric, 
but  in  the  opposite  direction  to  that  assigned  by  Gallet.  Harding 
confirming  Schwabe's  opinion,  W.  Struve  took  the  matter  in  hand 
micrometrically,  and  found  that  at  the  mean  distance  of  Saturn 
from  the  Earth,  whilst  the  diameter  of  the  eastern  vacuity  was 
11-288",  that  of  the  western  was  only  1 1*073",  shewing  a  difference 

*  Tt  is  noteworthy  that  previously  to       lated  that  the  rings  ow;hi  to  rotate  in 
Sir  W.  Hrrschel  findiniij  the  remilt  jjivcn        lO*»  33'"  36'. 
Ml  tho  t**xt,  Laplace  theoretically  calcu-  ''AfoM/A.  AV.  R.A.S.,vu1.  xvi.p.5ort«C9. 
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of  0-215"  in  favour  of  the  former.  This  peculiarity  has  been  shewn 
to  be  essential  to  the  stabiUty  of  the  system  of  the  rings :  without 
this  and  a  rotation  they  would  fall  upon  the  planet. 

The    following  general    measurements^   reduced  to   the   mean 
distance  of  the  planet,  are  by  the  same  observer : — 


Outer  diameter  of  exterior  ring 
Inner  diameter 
Breadth 
Outer  diameter  of  interior  ring 
Inner  diameter  „ 

Breadth  „ 

Interval  between  the  two 
Distance  of  ring  from  ball 
Equatorial  diameter  of  ball 


n 


It 


11 

Miles. 

40*095 

— 

169.530 

35*289 

« 

149.210 

a*403 

= 

10,160 

34*475 

= 

145.768 

26668 

= 

112,758 

3903 

ea 

16,503 

0-408 

« 

1.725 

4'339 

= 

18.346 

17*60 

— 

74417 

The  measures  of  De  La  Rue  ^y  Main  ^^  and  Jacob  ®  are  appended 
for  comparison  ' : — 


Outer  diameter  of  exterior  ring  . . 
Inner  diameter  „ 

Breadth  „  .... 

Outer  diameter  of  interior  (middle)  ring 
Inner  diameter  „  „ 

Breadth  „  „ 

Interval  between  the  two 

Distance  of  ring  from  ball 

£<|uatorial  diameter  of  planet     . . 


DeLaBoe. 


// 


39*83 

35*33 
2-25 

33*45 
26*91 

3*27 

094 
4*62 

17*66 


Mnjn. 


// 


39*73 


2765 


Jacob. 


5*07 
1750 


39*99 

35*82 
2*08 

34*85 
26*27 

4*29 
0*48 

4'i6 
17-94 


There  are  some  particulars  relating  to  the  rings  which  cannot 
well  be  classified.  Sir  J.  Herschel  estimates  their  thickness  at  not 
more  than  250  miles,  and  G.  P.  Bond  cuts  this  down  to  40. 
Peirce  thinks  there  are  good  grounds  for  supposing  them  to  be 
fluid  rather  than  solid — a  hypothesis  confirmed  by  various 
circumstances.     Considered  as   a  system,  the  rings  are  sensibly 


^  Month.  Nat.  R.AJ3.,  vol.  xvi.  p.  43. 
**  7Mrf.,   p.  35.      (This  is  a  lengthy 
memoir.) 

*  Ibid.,  p.  124. 


'  An  important  series,  by  Bessel,  will 
be  found  in  Ast.  Nach.,  vol.  xiL  p.  153  e< 
8€q.,  March  7,  1835. 
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more  lumiaoua  tban  the  planet  (a  fact  which  Hooke  pointed  out 
as  long  ago  as  1666),  and  A  is  brighter  tban  B,  and  B  is  far 
irom  being  of  uniform  brightness.  At  the  ejioch  of  the  Satumian 
equinoxes  the  ansa  do  not  both  disappear  and  reappear  at  the 
eamo  time,  and  at  these  periods  they  are  sometimes  of  unequal 
magnitude. 

On  Oct.  9,  1714,  6  days  before  the  actual  passage  of  the  Earth 
through  the  plane  of  the  ring,  and  whilst  the  anste  were  do- 
creasing,  Maraldi  noticed  that  the  eastern  one  appeared  a  IJtlle 
broader  than  the  other  for  3  or  4  nighU,  and  yet  it  vanished 
firsts.  He  was  induced  to  suspect  that  the  ansffi  had  changed 
places  by  rotation,  and  that  at  any  rate  the  surface  of  the  rings 
was  very  irregular,  the  2  rings  lying  moreover  in  different  planes. 
T'isf.  j6. 


Heinsius,  Varela,  Messier,  and  many  others  have  noticed  the  ansa 
to  be  of  different  lengths,  and  that  one  is  frequently  visible  without 
the  other.  When  only  one  is  visible,  it  is  most  frequently  that  on 
the  western  aide — a  fact  for  which  it  is  difficult  to  account. 

When  in  the  equinox  the  ring  frequently  appears  broken, 
shewing  merely  luminous  elongated  beads  seemingly  detached 
from  one  another.  For  a  long  time  astronomers  were  in  doubt 
as  to  the  cause  of  these  appearances,  and  it  was  not  till  so  re- 
cently as  1848  that  the  question  was  cleared  up.  In  that  year 
the   observers   at   Harvard  College,    U.  S.,   instituted   a  carciul 

'  Mini- AcaA.  itee  ScUncts,  1715.  p.  11. 
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inquiiy,  and  their  micrometrical  observations  shewed  that  these 
"  beads "  were  due  to  the  concuTreot  effect  of  light  reflected  by 
the  edges,  extenial  and  internal,  of  the  rings.  The  Figures  [56-7] 
are  copied  from  Bond's  memoir,  but  ring  C  is  omitted  that 
matters  may  be  simplified.  What  follows  I  cite  from  Webb,  who 
has  devoted  much  time  to  the  elucidation  of  Saturoian  facta. 
"  It  must  be  borne  in  mind  that  this  design  is  an  intentional 
exa^eration  for  clearness'  sake,  representing  the  dark  surface 
much  more  expanded  than  it  ever  really  is,  and  the  thickness 
of  the  rings  many  (they  say  perhaps  10)  times  too  great.  To 
this  they  add  the  qualification  that  the  edges  should  be  rounded ; 
and  I  should  be  inclined  to  suggest  another,  that  A  may  probably 
Kg-  57- 


DUOBAM   ILLDBTHATIMO   THB  PHEMOHWON 


be  much  thinner  than  B,  so  that  its  inner  edge  would  add  little 
to  the  effect.  Comparing  then  Fig.  56  with  Pig.  57,  we  should 
have, — 1,  A  narrow  dark  band  upon  the  planet,  slightly  curving 
upwards,  and  consisting  of  both  the  dark  side  of  the  ring 
and  its  shadow  (the  latter  not  inserted  in  Fig.  56).  2.  The 
outer  edge  of  A  visible  throughout,  but  with  extreme  dilfieulty 
when  alone,  as  between  b  and  c,  and  y  and  ff,  anil  towards 
a  and  6.  3.  Two  brighter  portions  from  c  to  d,  and  from  e  to 
f,  where  the  light  of  A  is  reinforced  by  that  reflected  by  the 
inner  tdge  of  B.     4.  Two  bright   knots  where  the   same  light, 
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strengthened  by  the  concurrent  reflection  from  the  inner  edge 
of  A  and  the  outer  of  B  (the  latter,  it  may  be  presumed,  many- 
times  outweighing  the  former),  reaches  us  through  the  opening 
of  BalFs  division.  This  the  Americans  considered  ftJly  satis- 
factory, the  curvature  of  the  black  stripe  having  been  noticed, 
and  estimated  at  0*25";  the  extremities  of  the  line,  and  the  beads, 
falling  beneath  its  direction,  as  from  the  diagram  they  ought  to 
do,  and  the  accordance  of  measures  fully  bearing  out  the  impression 
of  Nov.  3,  that  the  '  interruptions  in  the  light  of  the  ring  are  so 
plainly  seen,  that  no  one  could  for  a  moment  hesitate  as  to  their 
explanation.' '' 

O.  Struve  some  years  ago  propounded  a  theory  ^  that  the  rings 
were  contracting,  so  that  ultimately  they  would  be  precipitated  on 
the  ball.  He  drew  this  conclusion  from  the  early  observations  of 
Huyghens  and  others  :  but  these  are  not  to  be  relied  upon;  and 
the  Rev.  R.  Main  has  shewn,  by  micrometric  measures  obtained 
by  himself,  that  Struve's  theory  is  untenable.  Kaiser  considers 
another  theory  of  Struve's,  that  the  diameter  of  the  rings  has  been 
progressively  increasing,  equally  unsupportable  ^  The  rings  cast 
a  shadow ;  and  from  observing  this  shadow  some  have  been  led  to 
think  that  their  surfaces  are  convex  ^,  and  that  they  do  not  lie  in 
precisely  the  same  plane.  Sir  J.  Herschel  doubts  the  former  being 
a  legitimate  conclusion  from  observation,  but  fully  admits  its 
theoretical  probability  ^  Lassell  considers  that  C  often  changes 
colour,  eacA  end  being  alternately  bluish-gray  and  brownish"** 
This  may  indicate  rotation.  Hippisley  thinks  that  there  is  evidence 
that  the  ring  A  lies  in  a  different  plane  from  the  others,  and  that 
B  is  thicker  in  the  middle  than  at  either  of  the  edges  \  Sir  W. 
Herschel  surmised  that  the  ring  is  not  flat,  but  that  the  inner  edge 
was  hemispherical  or  hyperbolical  **.  The  outer  edge  of  B  is  com- 
monly the  brightest  portion  of  the  system,  but  Schwabe  and  Webb 
believe  it  to  be  variable ;  the  inner  edge  of  the  same  ring  is  usually 


^  An  abstract  of  it  appears  in  Month,  veys  the  impresfidon  of  this  m  regards 

Not.  R.A.S.,  vol.  xiii.  p.  22  et  seq.  B. 

*  See  Month,  Not.  R.A.S.,  vol.  xvi.  p.  ^  OiUlints  of  Aat.,  p.  343. 

66  et  $€q.,  for  an  abstract  of  Kaiser's  *»  Month.  Not.  B.  A.S.,  vol.  xiii.  p.  147. 

memoir.  «  Ihifl.,  vol.  xiv.  p.  163. 

*'  Be  La  Rue's  drawing  forcibly  con-  «  Phil.  Tran8.t  vol.  xcii.  p.  463.    i8oa. 


Chap.  XI.]  Saturn.  141 

much  the  dullest^  but  occasionally  it  brightens  up.  Prince  "  is  con- 
vinced'^  that  C  is  becoming  more  and  more  illuminated  p.  Lassell 
and  De  La  Rue  have  suspected  the  existence  of  mountains  on  the 
rings,  in  consequence  of  elevations  appearing  in  the  shadow  pro- 
jected on  the  ball*!.  [Fig.  53,  PL  VIII.]  Jacob  has  seen  the  effect,  but 
doubts  the  assigned  cause,  preferring  to  think  that  it  is  an  illusion 
arising  from  inequalities  in  the  depth  or  tone  of  the  shadow  ■'.  In 
]  848,  when  the  unilluminated  side  was  turned  towards  us,  Dawes 
saw  traces  of  the  shadow,  of  a  coppery  hue,  and  he  regards  this  as  an 
effect  due  to  a  rather  dense  atmosphere ' :  but  more  than  this,  the 
atmosphere  causing  a  refraction  of  the  solar  light  on  each  side 
of  the  ring  would  reduce  the  shadow  of  the  ring  to  a  penumbra, 
and  thus  account  for  it  being  imperceptible  when  the  Sun 
was  in  the  plane  of  the  ring.  Sir  W.  Herschel  had  previously 
believed  that  an  atmosphere  alone  would  explain  a  distortion  he 
noticed  in  1807,  at  the  South  pole,  in  optical  proximity  to  the 
ring;  the  other  pole  being  at  the  same  time  clear  of  the  ring  and 
free  from  distortion  *. 

Bessell  entered  upon  some  investigations  to  determine  the 
mass  of  the  rings,  by  ascertaining  their  perturbing  effect  on  the 
orbit  of  the  6*^  satellite.  Titan.  He  estimates  it  at  ^irff  of  ^^^ 
mass  of  the  planet  °.  The  thickness  of  the  rings  being  too  minute 
for  measurement,  no  precise  determination  of  their  density  is 
attainable;  if,  however,  we  assume  it  as  approximately  equal  to 
that  of  the  planet,  as  is  probably  the  case,  it  will  follow  that  the 
thickness  is  about  138  miles — a  quantity  which  is  very  nearly 
the  mean  of  the  2  estimations  of  Sir  J.  Herschel  and  Bond. 
Supposing  this  to  be  correct,  at  the  mean  distance  of  the  planet  the 
rings  would  only  subtend  an  angle  of  about  0*03";  it  will  then 
be  inferred  that  the  ring  will  at  stated  times  become  wholly 
invisible  even  in  the  most  powerful  telescopes. 

Saturn  is  attended  by  8  satellites,  7  of  which  move  in  orbits 
whose  planes  coincide  nearly  with  that  of  the  pknet^s  equator,  and 
these  with  the  plane  of  the  rings  also  :  the  orbit  of  the  remaining 

p  Month.  Not.   R.  A.  S.,  vol.   xx.  p.  "  Ihid.f  vol.  x.  p.  46,  and  vol.  xxiL 

3  12.  p.  398. 

<>  IbuL,  vol.  xxi.  pp.  177  and  236.  *  Phil.  TranJi.f  vol.  xcviii.  p.  i6a. 

'  Ibifl.,  vol.  xxi.  p.  237.  «  Conn,  des  Temp^y  1838. 
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and  most  distant  satellite  is  inclined  about  12*  14'  (Lalande)  to 
the  aforesaid  plane.  The  consequence  of  this  coincidence  in  the 
orbits  of  the  first  7  satellites  is  that  they  are  always  visible  to  the 
inhabitants  of  both  hemifipheres  when  not  under  eclipse  in  their 
primary's  shadow. 

I  follow  my  usual  plan  of  tabulating  all  the  information  I 
can,  but  when  we  have  proceeded  beyond  Jupiter,  satellite  data 
become  contradictory,  so  that  additional  evaluationa  require  to 
be  appended. 

The  figures  in  the  column  of  "  Diameter"  are,  with  the  exception 
of  l^tan's,  extremely  doubtful. 

Fig-  s8. 


Gknibal 


Any  telescope  above  3  inches  aperture  (and  many  below)  will 
shew  Titan;  4  inches  will  take  in  lapetus,  Rhea,  and  Dione; 
5  inches  will  shew  Tethys ;  6  inches  Enceladus :  but  Mimas  and 
Hyperion  are  beyond  the  reach  of  all  but  Uie  largest  instruments 
in  existence.  Fletcher  has  seen  Mimas  with  a  glass  of  g^  inches 
aperture,  but  this  is  an  exceptional  case. 

Mimas,  Beer  and  Madler's  reduction  of  Sir  W.  Herechel's 
observations  in  1789  gives  for  the  epoch  of  Sept.    14'  ij**  26" 
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Slough  M.  T.,  the  Saturnicentric  \  at  264**  16'  36",  the  longitude 
of  the  perisatumium  at  1 04*42%  and  the  eccentricity  at  o*o68. 

Enceladus.  Beer  and  Madler,  also  from  Sir  W.  HerscheFs 
observations^  give  for  the  epoch  of  1789,  Sept.  14**  ii**  53™,  the  X 
at  67°  56'  26" :  they  consider  the  orbit  to  be  circular  in  the  plane 
of  the  ring.  Hind  says  that  Enceladus  was  seen  by  Sir  W. 
Herschel  on  Aug.  19,  1787. 

Tethya.  Lament^  from  his  own  observations  in  1836,  found  for 
the  epoch  of  April  23*  8^  27™  Greenwich  m.  t.  the  \  to  be 
158**  31',  the  longitude  of  the  perisatumium  357**  37',  the  8 
184°  36',  the  eccentricity  0*0051,  and  the  inclination  of  the 
orbit  to  the  plane  of  the  ring  1°  '^'^.  Sir  John  Herschel,  about 
the  same  time,  found  the  \  to  be  313°  43',  the  longitude  of  the 
perisatumium  to  be  53°  40',  the  eccentricity  0*04217,  and  the  orbit 
to  be  precisely  in  the  plane  of  the  ring.  The  differences  in  these 
two  results  are  to  be  ascribed  to  errors  in  the  observations  arising 
from  the  difficulty  attending  them. 

Bione.  Sir  John  Herschel  in  1836  found  the  A  327®  40',  the 
longitude  of  the  perisatumium  42**  30',  the  eccentricity  0*0206, 
and  the  orbit  to  be  precisely  in  the  plane  of  the  ring. 

Rhea.  Sir  John  Herschel  in  1835-7  found  the  \  353**  44',  the 
perisatumium  in  longitude  95°,  and  the  eccentricity  of  the  orbit 
0-02269.     The  inclination  is  very  small. 

Titan  ',  as  the  satellite  most  easily  seen,  has  received  most  atten- 
tion. BesseFs  determination  of  its  orbit  is  reputed  to  be  the  most 
complete.  For  the  epoch  of  1830*0  he  gave  the  X  at  137**  21',  the 
longitude  of  the  perisatumium  at  256"*  38',  and  the  eccentricity 
0*029314.  The  line  of  apsides  have  a  direct  motion  of  30'  28''  on 
the  ecliptic,  completing  a  revolution  in  718  years,  the  nodes  com- 
pleting a  revolution  in  3600  years. 


*  When  Huyghens  discovered  this  sa- 
tellite in  1655,  he  was  imprudent  enough 
to  predict  that  there  were  no  others. 
The  danger  of  prediction  in  matters  of 
this  kind  18  well  illustrated  in  the  case  of 
Mr.  John  Harris,  F.R.S.  That  learned 
gentleman  published  a  book  in  1729,  in 
which  he  says:  "  Tis  highly  probable 
that  there  may  be  more  than  5  moons 


revolving  round  this  remote  planet  [the 
number  of  satellites  which  Saturn  was 
then  known  to  possess]  ;  but  their  dis- 
tance is  so  great  as  that  they  have  hitherto 
escaped  our  eyes,  and  pexhaps  may  con- 
tinue to  do  so  for  ever  ;  for  I  do  not  think 
that  oxir  teJescoiiCB  mil  he  much  further 
improved  //" 
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Hyperion  has  been  so  recently  discovered  that  its  orbit  has  not  been 
investigated.  This  satellite  was  seen  by  Bond  on  Sept.  16,  1847^ 
and  by  Lassell  on  Sept.  18^  but  it  was  not  till  the  date  given  in 
the  table  that  its  character  was  determined. 

lapetus.  Lalande  for  the  epoch  of  1790  gave  A  at  269**  37',  the 
3  being  in  150°  2f,  reckoned  on  the  orbit. 

The  following  elements  are  by  Captain  Jacob  y. 
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It  will  be  readily  understood  that  the  minuteness  of  most  of 
these  satellites,  and  the  consequently  limited  number  of  telescopes 
and  observers  which  can  be  brought  to  bear  on  them,  materially 
retards  the  attainment  of  any  more  perfect  acquaintance  with  their 
motions,  though  it  is  reasonable  to  hope  that  the  multiplication  of 
large  instruments  and  experienced  workers  now  taking  place  will 
ere  long  lead  to  more  results. 

Sir  John  Herschel  has  pointed  out  the  curious  circumstance 
that  the  period  of  Mimas  is  \  that  of  Tethys,  and  the  period 
of  Enceladus  \  that  of  Dione".  D^ Arrest  has  further  called 
attention  to  the  commensurability  within  ^  oi  2k  day  or  2^ 
of  274  revolutions  of  Mimas,  170  of  Enceladus,  and  85  of 
Dione  •. 

The  last  disappearance  of  the  ring,  in  1 862^  was  taken  advantage 


y  Month.  Not.  R.A.S.,  vol.  xviii.  p.  i.  ■  lUd.y  vol.  vii.  p.  24. 

*  Aft,  iVacA.,vol.  Ivii.  No.  1364.    June  14,  1862. 
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of  by  various  observers  for  watching  the  rare  phenomenon  of  a 
transit  of  the  shadow  of  Titan  across  the  planet.  The  satellite 
itself  was    not    seen  on  any  occasion,  but  Dawes  and   others 


Fig.  59- 


Plan  of  the  Saturkian  Ststem. 


obtained  several  good  views  of  the  shadow  b.  The  only  previous 
observation  of  this  kind  appears  to  have  been  made  by  Sir 
W.  Herschel  on  Nov.  2,  1789.  Dawes  also  saw  an  eclipse  of 
this  satellite. 


^  Month,  Not,  R.  A.Sm  vol.  zxii.  pp.  264,  297,  &c. 


Chap.  XI.]  Saturn.  147 

Celestial  phenomena  on  Saturn  must  possess  extreme  grandeur 
and  magnificence^  the  rings  forming  a  remarkable  series  of 
arches  stretched  across  the  Satumian  heavens.  The  nearest 
satellite^  Mimas^  traverses  its  orbit  at  the  rate  of  i6'  of  arc  in 
a  minute  of  time^  so  that^  as  viewed  from  Saturn^  in  2  minutes 
it  moves  over  a  space  equal  to  the  apparent  diameter  of  the 
Moon. 

The  only  physical  fact  which  has  been  discovered  in  relation  to 
the  satellites  of  Saturn^  belongs  to  lapetus.  Cassini  lost  it  soon 
after  its  discovery^  but  a  larger  telescope  enabled  him  to  find  it 
again^  and  moreover  to  ascertain  that  it  was  subject  to  considerable 
variations  of  brilliancy.  Sir  W.  Herschel^  with  a  view  of  es- 
tablishing this  fact  beyond  doubt^  paid  much  attention  to  lapetus. 
He  was  able  to  confirm  Cassini^s  opinion^  and  decided  that  it 
actually  did  experience  a  considerable  loss  of  light  when  traversing 
the  eastern  half  of  its  orbit.  He  found  that  j""  past  opposition  was 
the  place  of  minimum  light.  The  conclusions  deducible  from  this 
are  (as  Cassini  himself  pointed  out)^  that  the  satellite  rotates  on  its 
axis  in  the  same  time  that  its  primary  does,  and  that  there  are 
portions  of  its  surface  almost  entirely  incapable  of  reflecting  the 
rays  of  the  Sim. 

The  mass  of  Saturn  has  been  given  at  -g-^r^  by  Newton;  at 
-g^  by  Laplace ;  at  ^^  by  Bouvard ;  and  at  srhrT  ty  Bessel. 
Jacob  thought  from  his  own  observations  that  the  mass  of  the 
whole  Satumian  system  did  not  differ  much  from  sttz' 

'^  The  most  ancient  observation  of  Saturn  which  has  descended 
to  us  was  made  by  the  Chaldseans,  probably  at  Babylon,  in  the 
year  519  of  Nabonasser's  period,  on  the  14th  of  the  month  Tybi,  in 
the  evening ;  when  the  planet  was  observed  to  be  2  digits  below  the 
star  in  the  southern  wing  of  Virgo,  known  to  us  as  y  Virginis : 
the  date  given  by  Ptolemy,  who  reports  this  observation  in  his 
Almagest  [lib.  xi.],  answers  to  b.  c.  aa8,  March  i  ^/' 

An  occultation  of  this  planet  by  the  Moon  is  recorded  to  have 
been  observed  by  one  Thius,  at  Athens  on  Feb.  ai,  503  a.d. 

From   Saturn  the  Sun  only  appears  3'  in  diameter,  and  the 

«  Hind»  Sol,  Sffrt.,  p.  117. 
L  % 
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greatest  elongations  of  the  planets  are:  Merctuy^  %^  ig' ;  Venus^ 
4'  ai';  Earth,  6**  i';  Mars,  9**  11';  Jupiter,  33*  3' — so  that  a 
Saturnian  can  only  see  Mars  and  Jupiter,  and  the  former  with  some 
difficulty.  Saturn,  on  account  of  its  slow  dreary  pace,  was  chosen 
by  the  alchemists  as  the  symbol  for  lead. 

In  computing  the  places  of  Saturn,  the  tables  of  A.  Bouvard^ 
published  in  182 1,  are  commonly  used.  Tables  of  the  satellites 
have  still  to  be  formed,  and  are  a  great  desideratum. 
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CHAPTEK    XII. 

URANUS.     ^ 

CircumtUmcti  eonneded  vUh  iU  discovery  hy  Sir  W.  Herschd. — Namet  proposed  for 
ii,  —  Early  observations, — Period,  Ac, — Physical  appearance. — Position  of  its 
axis. — Attended  hy  8  SatdUtes. — Table  of  them, — Miscdlaneous  information  con^ 
ceming  them. — Mass  of  Uranus. 

i^N  March  13^  1781^  whilst  engaged  in  examining  some  small 
^^  stars  in  the  vicinity  of  H  Geminorum,  Sir  William  Herschel 
noticed  one  which  attracted  his  attention  more  than  the  rest : 
desirous  of  knowing  more  about  its  nature^  he  applied  to  his 
telescope  higher  magnifying  powers,  when,  unlike  the  effect  pro- 
duced on  fixed  stars,  he  found  that  the  apparent  diameter  of  the 
object  under  view  increased  considerably ;  this  circumstance  clearly 
proving  its  non-stellar  character.  Careful  observations  of  position 
shewing  it  to  be  in  motion  at  the  rate  of  aV'  per  hour.  Sir  William 
conjectured  it  to  be  a  comet,  and  made  an  announcement  to  that 
effect  to  the  Royal  Society  on  April  26  a.  Four  days  after  its  first 
discovery  it  was  observed  by  Maskelyne,  then  Astronomer  Royal, 
who  seems  to  have  suspected  its  planetary  character  at  the  time, 
and  in  the  course  of  the  following  a  or  3  months  it  received  the 
attention  of  all  the  leading  observers  of  Europe.  So  soon  as 
suflBcient  observations  were  accumulated,  attempts  were  made  by 
various  calculators  to  assign  parabolic  elements  for  the  orbit  of 
the  new  body,  but  little  success  attended  their  efforts.  It  was 
found  that  though  a  psunbola  might  be  obtained  which  would 
represent  with  tolerable  accuracy  a  limited  number  of  observations, 
yet  in  a  few  days  discrepancies  would  appear,  defying  all  endea- 
vours to  reconcile  them  with  positions  assigned  on  the  parobolic 
hypothesis.     The  final  determination  was  only  arrived  at  step  by 

*  Pkil.  Trans.f  vol.  Ixxi.  p.  493  et  seq.   1781. 
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step^  and  to  Lexell  most  be  asoribed  the  credit  of  first  annoimciiig>, 
with  any  amount  of  authority^  that  the  stranger  revolved  round 
the  Sun  in  a  nearly  circular  orbit^  and  that  it  was  a  planet  and 
not  a  comet ;  though  priority  for  this  honour  has  been  contested 
on  behalf  of  Laplace. 

The  question  of  a  name  for  the  new  planet  was  the  next  subject 
of  debate.  Herschel  himself^  in  compliment  to  his  sovereign  and 
patron  King  George  III^  proposed  that  it  should  be  called  the 
Georgium  Sidus  ;  Laplace  suggested  the  personal  name  of  Herschel : 
but  neither  of  these  gave  satisfaction  to  the  Continental  astrono- 
mers^ who  all  declared  for  a  mythological  name  of  some  kind. 
Prosperin  considered  Neptune  appropriate^  on  the  ground  that 
Saturn  would  then  be  found  between  his  two  sons  Jupiter  and 
Neptune.  Lichtenberg  advanced  the  claims  of  Astraa,  the  god- 
dess of  justice^  who  fled  to  the  confines  of  the  system.  Poinsinet 
thought  that  as  the  fathers  of  the  gods^  Saturn  and  Jupiter,  were 
raised  to  the  heavens  it  would  be  unpolite  longer  to  exclude  the 
mother,  Cyhele.  Ultimately,  however,  as  is  well  known,  Bode^s 
Uranus  was  placed  at  the  top  of  the  poU.  A  symbol  was  manu- 
factured out  of  the  initial  of  Herschel's  surname,  though  in  Grer- 
many,  on  the  motion  of  Kohler,  one  not  differing  much  from 
that  of  Mars  was  adopted. 

It  soon  became  a  matter  of  inquiry  whether  the  new  planet  had 
ever  been  seen  before,  and  here  may  be  brought  in  a  note  of 
Arago^s : — ''  If  Herschel  had  directed  his  telescope  to  the  constel- 
lation Gemini  1 1  days  earlier  (that  is,  on  March  %  instead  of  March 
13),  the  proper  motion  of  Uranus  would  have  escaped  his  obser- 
vation, for  on  the  2nd  the  planet  was  in  one  of  its  stationary 
points.  It  will  be  seen  by  this  remark  on  what  may  depend  the 
greatest  discoveries  in  astronomy."  A  careful  inspection  of  the 
results  of  former  astronomers  shewed  that  Uranus  had  been  ob- 
served and  recorded  as  a  fixed  star  on  20  previous  occasions: 
namely,  by  Flamsteed^  in  1690,  on  Dec.  13;  in  17 12,  on  March 
22;   in  1 7 15,  on  Feb.  21,  22,  27,  and  April  18   (all  o.  s.);    by 

^  <'Le  Yerrier,  in  his  investigation  of  adopts  another  of  Apr.  18,  I7i^t"  a<o* 
the  theoxy  of  Uranus,  rejects  Flamsteed's  cording  to  Grant.  By  171 2  I  presume 
observation  of  Feb.  la,  171a  {jti^y  and      is  meant  17 15. 
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Bradley  in  1748^  on  Oct.  21 ;  in  1750^  on  Sept.  13^  and  in 
1753*  ^^  T^ec,  3;  by  Mayer  in  1756,  on  Sept.  25;  and  by  Le 
Monnier  no  less  than  12  times — in  1750^  on  Oct.  14  and  Dec.  3; 
in  1764,  on  Jan.  15;  in  1768,  on  Dec.  27  and  30;  in  1769, 
on  Jan.  15,  16,  %o,  ai,  22  and  23;  and  in  1771,  on  Dec.  i8. 
Had  Le  Monnier  been  an  orderly  observer  it  can  scarcely  be 
doubted  that  he  would  have  anticipated  Sir  W.  Herschel.  Arago 
recollects  to  have  been  shewn  by  Bouvard  one -of  Le  Monnier's 
observations  of  the  planet  written  on  a  paper  bag^  which  originally 
contained  hair-powder  purchased  at  a  perfumer's ! 

It  will  readily  be  understood  that  these  early  observations  have 
been  of  great  service  to  computers  in  enabling  them  to  determine 
the  elements  of  the  planet's  orbit  with  greater  accuracy  than  they 
could  otherwise  have  done  simply  by  the  aid  of  recent  obser- 
vations. 

Uranus  revolves  round  the  Sun  in  30^686*7  days^  or  rather  more 
than  84  of  our  years^  at  a  mean  distance  of  1,753^851,052  miles. 
The  eccentriciiy  of  its  orbit,  which  amounts  to  0*04667  (rather  less 
than  that  of  Jupiter),  may  cause  this  to  extend  to  1,835,700,825, 
or  to  fidl  to  1,672,001,279  miles.  The  apparent  diameter  of 
Uranus  varies  but  slightly,  as  seen  from  the  Earth ;  and  its  mean 
value  is  about  3*9".  The  real  diameter  is  about  33,000  miles. 
No  ellipticiiy  is  recognised  by  astronomers,  notwithstanding  that 
Madler  placed  it  at  y^.  Arago  has,  however,  pointed  out  that  a 
polar  compression  may  exist  but  not  always  be  visible,  because 
a  spheroid,  when  viewed  in^  direction 'j)erpendicular  to]  its  axis, 
will  necessarily  present  a  truly  circular  outline. 

It  has  been  calculated  that  the  amount  of  light  received  by 
Uranus  from  the  Sun  is  equal  to  about  the  quantity  which  would 
be  afforded  by  300  full  Moons.  The  inhabitants  of  Uranus  can 
see  Saturn,  and  perhaps  Jupiter,  but  none  of  the  planets  included 
within  the  orbit  of  the  latter. 

The  physical  appearance  of  Uranus  may  be  disposed  of  in  a  few 
words.  Its  disc  is  uniformly  bright,  and  no  spots  or  belts  have  been 
detected  on  it.  The  period  of  axial  rotation  is  unknown,  but  analogy c 
leads  us  to  suppose  that  it  does  not  differ  materially  from  that 

0  See  above,  p.  37. 
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of  Jupiter  or  Saturn.  Sir  W.  Herschel  once  fancied  he  had  seen 
traces  of  a  ring  or  rings^  but  the  observation  was  not  confirmed 
by  himself,  nor  has  it  been  by  others  since.  Uranus  is  just  within 
the  reach  of  the  naked  eye  when  in  opposition^  and  may  be  found 
without  a  telescope  if  the  observer  knows  its  precise  place  **• 

The  axis  of  Uranus  falls  in  the  plane  of  its  orbit,  in  consequence 
of  which  '^  the  Sun  turns  in  a  spiral  form  round  the  whole  planet, 
so  that  even  the  two  poles  sometimes  have  that  luminary  in  their 
zenith  e" 

Uranus  is  attended  by  8  satellites,  6  of  which  were  discovered  by 
Sir  W.  Herschel,  and  2  by  recent  observers.  Such  is  their  extreme 
minuteness  that  only  the  most  Herculean  telescopes  will  shew 
them,  and  for  this  reason  our  knowledge  of  them  is  very  limited. 
Their  chief  peculiarity  is  the  inclination  of  their  orbits,  which 
for  direct  motion  amounts  to  loi**;  in  other  words  their  Urani- 
centric  motion  is  retrograde,  the  planes  of  the  orbits  lying  nearly 
perpendicular  (iHo*"— loi'' =  79®)  to  the  planet's  ecliptic.  The 
satellites,  as  Sir  W.  Herschel  remarks,  describe  the  northern 
halves  of  their  orbits,  included  between  the  ascending  and  de- 
scending nodes,  in  virtue  of  movements  directed  from  E.  to  W. 

Sir  John  Herschel  has  pointed  out  to  astronomers  a  criterion  by 
which  they  will  be  enabled  to  ascertain  whether  their  instruments 
are  sufficiently  powerful  and  their  sight  sufficiently  delicate  to 
undertake  with  any  reasonable  hope  of  success  a  search  for  these 
satellites.  Between  the  stars  p^  and  j3*  Capricomi,  about  the 
middle  of  the  interval  in  R.  A.  and  slightly  to  the  N.  there  is 
a  double  star  whose  components  are  of  mags.  16  and  17,  and 
3"  apart.  No  instrument  incapable  of  shewing  these  two  stars 
is  suitable  for  observing  the  satellites  of  Uranus.  In  fact  Sir 
John  remarks  that  in  comparison  with  the  Uranian  satellites  these 
two  stars  are  "  splendid  objects  '.'* 

Under  these  circumstances  I  shall  be  pardoned  if  I  omit  the 

**  It  is  a  Homewbat  singular  fact  that       the  illustrious  Herschel  of  his  recent 
the  Burmesie  mention  eight  planets  :  the       honours." 
Sun,  Moon,  Mercury,  Venus,  Man,  Ju-  •  Sir  W.  Herschel,  quoted  in  Smyth*8 


piter,  Saturn,  and  RahU,  which  latter  is 
invisible.  "An  admirer  of  Oriental  lite* 
rature,"  sajrs  Buchanan,  "would  here 
discover  the  Georgium  Sidus,  and  strip 


Cyde^  vol.  i.  p.  205. 
'  Cited  by  Arago  in  Pop,  AbI,,  voL  ii. 
rature,"  8a3r8  Buchanan,    "  would   here      p.  62S,  Kng.  ed. 
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details  of  the  obflOTstions  made  b;  Sir  William  Henchel ',  his 
BOD  **,  Lamont ',  O.  Strove,  aod  Laesell  ^,  mor«  eeperaally  as  the 
sabstanoe  of  them  has  been  reproduced  by  Hind '  and  Arago  ■". 

Fig.  60. 


URASUII  STaTEM. 


It  is  right  to  state  here  that  under  dat«  of  Jan.  11,  1853, 
Lassell  says  ie  u  fully  persuaded  that  either  Um»tu  kaa  no  otk«T 
satellites  than  these  4  [I.  II.  IV.  VI.  of  the  table],  or  if  it  has, 
thetf  remain  yet  to  be  discovered ;  but  the  assnmption  of  8  was  ac- 
cepted by  Arago  and  other  influential  astronomers.  Lassell,  writing 
in  1864  &om  Malta,  on  the  occasion  of  his  second  visit,  reiterates 
his  former  statement. 

It  was  found  by  Sir  W.  Herschel  that  the  satellites  t^sappeared 

WW.  7VoiMT»ol.ln»u.p.iase<«m,       Tnuu.,  vol.  oiitiiL   1838. 

'  ~  '  Mimtk.  Nat.  E-4JS.,  roL  riiL  p.  44, 


.78T; 

p.  ]g3e<M9.,'i8i5.         '      "  p.  148,  i8s). 

»  ittm.  R.A.a,  vol.  Tiii.  p.  i  ei  aeg.  'Sol.  %«.,  p.  111  d  mq. 

■S35.  B  i>(ip.J«(.,  ToLii  p.6i3«lMi. 


1S47 ;  vol.  xii  p.  151,  1851  ;  Tol.  i 


'  /lid.,  vol.  zl  p.  51   <(  «e;. ;  PkU. 
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* 

when  within  a  short  distance  (^  or  thereabouts)  of  the  planet. 
This  occurred  on  whichever  side  of  the  planet  the  satellites  hap- 
pened to  bcj  thus  negativing  the  possibility  of  the  phenomenon  being 
due  to  an  atmosphere  on  Uranus;  and  Sir  William  was  led  to 
assume  that  it  was  merely  an  effect  of  contrast — the  comparatively 
bright  lustre  of  the  planet  overpowering  the  feeble  glimmer  of  the 
satellites. 

Hind^  &om  LasselFs  observations  at  Malta  in  1852^  has  deduced 
the  following  elements : — 

IV.  TiTAKIA. 

Radius  of  orbit  at  the  mean  distance  of  9  ..     33*88''  s  288,080  miles. 
Longitade  of  ascending  node ..  . .    165°  25' 

Inclination  of  orbit      ..  ..  ..    100*^34' 


VI.  Obeson. 

Radius  of  orbit  at  the  mean  distance  of  If.        45*3o"  ■»  384*330  miles. 
Longitude  of  ascending  node  . .         . .    165°  a8' 

Inclination  of  orbit    . .         . .  . .    100°  34' 

From  the  distance  of  Titania  the  same  computer  obtained  go||^g 
as  the  mass  of  Uranus^  Oberon  indicating  z^\i^  ;  results  fairly 
of  accord  with  those  of  other  observers,  when  the  difficulties  in 
obtaining  data  are  considered.  Encke  has  deduced  tottt^  Littrow 
aiooo>  Madler  a^gigi  Adams  aijoo^  Lament ^xwTi  and  Bouvard 
i7flxg.  Bouvard's  value  is  now  very  generally  rejected  as 
excessive. 

In  computing  the  places  of  Uranus  the  tables  of  A.  Bouvard, 
published  in  182 1,  are  used.  From  what  appears  in  the  following 
chapter  it  will  be  evident  that  they  are  susceptible  of  material 
improvement. 
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CHAPTEK    XIII. 

NEPTUNE ».    T 

Circtmutancet  wJiich  led  to  its  discovery. — Summary  of  the  inrtttigaHom  of  Adame  aind 
Le  Verrier. —  Telescopic  Uibours  of  ChaUie  and  GaUe, — The  perturbations  of 
Urarius  by  Neptune. — Period^  Ac. — Attended  by  i  Satellite, — JSlemenis  of  its 
orbit. — Mass  of  Neptune, — Observations  by  Lalande  in  1 795. 

I^ORE  than  40  years  ago  an  able  French  astronomer^  M.  Alexis 
-*■'-'•  Bouvard,  applied  himself  to  the  task  of  making  a  refined  in- 
vestigation into  the  motion  of  Uranus^  in  order  to  prepare  tables  of 
the  planet.  He  had  at  his  disposal  the  various  observations  of 
Flamsteed  and  others,  made  prior  to  the  direct  optical  discovery 
of  Uranus,  and  those  made  by  various  astronomers  subsequent  to 
that  event  in  178 1.  In  working  these  up  he  found  himself  able  to 
assign  an  ellipse  harmonising  with  the  first  series,  and  also  one 
harmonising  with  the  second;  but  by  no  possibility  could  he 
obtain  an  orbit  reconcileable  with  both.  As  the  less  objection- 
able alternative,  Bouvard  decided  to  reject  all  the  early  observa- 
tions and  to  confine  his  attention  solely  to  those  more  recent.  In 
this  way  he  produced,  in  1821,  tables  of  the  planet,  fairly  repre- 
senting its  motion  in  the  heavens.     This  agreement,  however,  was 


*  I  cannot  pass  this  chapter  through 
the  press  without  entering  a  protect 
against  the  conddct  of  many  French 
writers  in  dealing  with  Neptune.  No- 
thing is  more  common  than  to  meet  with 
a  narrative  of  the  discovery  of  Neptune, 
either  without  any  mentionf  direct  or  in- 
direct, of  Mr.  J.  C.  A  damSt  or  with  some 
casual  remark  to  the  following  effect, '  In 


conclusion,  we  may  state  that  an  English 
astronomer  of  the  name  of  Adams  also 
paid  much  attention  some  years  ago  to 
the  perturbations  of  Uranus  :*  with  per- 
haps a  foot  note  to  this  effect— '  Whatever 
our  English  neisrhbours  may  say  to  the 
contrary,  the  real  glory  of  this  discovery 
rests  with  our  oountiyman  Le  Veirier.' 
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not  of  long  duration^  and  a  few  years  only  elapsed  before  dis- 
cordances appeared  of  too  marked  a  character  to  be  possibly  due 
to  any  legitimate  error  in  the  tables  constructed :  as  they  were^ 
it  was  evident  that  their  principle  was  defective.  Bouvard  him- 
self^ who  died  in  1840^  seems  to  have  fancied  that  an  exterior 
planet  was  alone  the  cause  of  the  irregularities  existing  in  the 
motion  of  Uranus^  and  the  Rev.  Thomas  Hussey  was  led  to  assert 
this  in  decided  terms  in  a  letter  to  Mr.  Airy  in  1834.  This  con- 
viction soon  forced  itself  on  astronomers  ^,  and  amongst  others  on 
Valz^  Somerville^  Madler^  and  Bessel.  Bessel^  it  wotdd  seem^ 
entertained  the  intention  of  mathematically  inquiring  into  the 
matter^  but  was  prevented  by  an  illness,  which  eventually  proved 
fatal. 

Mr.  J.  C.  Adams,  whilst  a  student  at  St.  John's  College,  Cam- 
bridge, resolved  to  attack  the  question,  and,  as  he  found  sub- 
sequently, entered  a  memorandum  to  this  effect  in  his  diary  under 
date  of  July  3,  1841,  but  it  was  not  till  January  1843  that  he 
found  himself  with  sufficient  leisure  to  commence.  He  worked  in 
retirement  at  the  hypothesis  of  an  exterior  planet  for  1}  years, 
and  in  Oct.  1845  forwarded  to  the  Astronomer  Royal  some  pro- 
visional elements  for  one  revolving  round  the  Sun  at  such  a 
distance  and  of  such  a  mass  as  he  thought  would  account  for 
the  observed  perturbations  of  Uranus.  This  was  virtually  the 
solution  of  the  problem  in  a  theoretical  view,  and  it  is  much  to 
be  regretted  that  neither  the  result  nor  any  of  the  circumstances 
attending  it  were  made  public  at  the  time. 

In  the  summer  of  1845,  M.  Le  Verrier,  of  Paris,  turned  his 
attention  to  the  anomalous  movements  of  Uranus,  and  in  Nov. 
published  his  first  memoir  to  prove  that  Jupiter  and  Saturn  could 
not  be  the  sole  causes.  In  June  1846  the  French  astronomer 
published  his  second  memoir  to  prove  that  an  exterior  planet  was 
the  cause  of  the  residual  disturbance.  He  assigned  elements  for  it, 
as  Adams  had  done  8  months  previously.  A  copy  of  the  memoir 
reached  Mr.  Airy  on  June  23,  and  finding  how  closely  of  accord 

^  As  far  back  as  October  25,  1800,  La-  planet  beyond  Uranus.  (JTear  Book  of 
lande  and  Barckhardt  came  to  the  con-  FcLCts^  185a.)  I  know  not  on  what 
elusion  that  there    existed    an    unseen      grounds  this  statement  rests. 
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Le  Verrier's  deduced  elements  were  with  those  of  Adams^  which 
were  still  in  his  possession,  he  was  so  impressed  with  the  value  of 
both,  that  on  July  9  he  wrote  to  Professor  ChalHs  of  Cambridge  to 
suggest  the  immediate  employment  of  the  large  Northumberland 
telescope  in  a  search  for  the  planet.  The  proposal  was  agreed  to, 
and  on  July  1 1  a  systematic  search  was  conmienced.  Ghallis,  not 
being  in  possession  of  the  Berlin  Star  Map  of  the  particular  locality 
in  which  it  was  supposed  that  the  looked-for  planet  would  be  founds 
was  forced  to  make  observations  for  the  formation  of  a  map  for 
himself;  this  was  done,  but  much  valuable  time  was  occupied,  and 
it  was  not  till  Sept.  29  that  the  diligent  professor  found  an  object 
whose  appearance  attracted  his  attention,  and  which  was  sub^ 
sequently  proved  to  be  the  new  planet  so  anxiously  sought  for. 
It  was  likewise  ascertained  afterwards  that  the  planet  had  been 
observed  for  a  star  on  Aug.  4  and  12,  and  that  the  supposed  star 
of  Aug.  12  was  wanting  in  the  zone  of  July  30.  That  its  plane- 
tary nature  was  not  ascertained  on  Aug.  12  was  due  to  the  fact  of 
the  comparisons  not  having  been  carried  out  quite  far  enough ;  a 
pardonable  though  regrettable  circumstance. 

In  August  Le  Verrier  published  a  third  memoir,  containing  re- 
vised elements,  in  which  particular  attention  was  paid  to  the  pro- 
bable position  of  the  planet  in  the  heavens.  On  Sept.  23  a  letter  from 
him,  containing  a  summary  of  the  principal  points  of  this  memoir 
was  received  by  Encke  of  Berlin,  whose  co-operation  in  searching 
telescopically  for  the  planet  was  requested.  The  Berlin  observers 
had  the  good  fortune  to  have  just  become  possessed  of  Bremiker'a 
Star  Map  for  Hour  XXI.  of  B.A.,  that  part  of  the  heavens  in 
which  both  Adams  and  Le  Verrier  expected  the  new  planet  would 
be  found.  On  turning  the  telescope  towards  the  asstuned  place^ 
Oalle,  Encke's  assistant,  saw  what  seemed  to  be  a  star  of  the  8^ 
magnitude,  which  was  not  laid  down  on  the  map.  Further  obser- 
vations on  Sept.  24  placed  it  beyond  a  doubt  that  this  8^-mag- 
nitude  star  was  in  reality  the  trans -Uranian  planet;  a  discovery^ 
the  announcement  of  which,  as  may  be  well  iujiagined,  created  the 
liveliest  sensation.  The  French  astronomers,  with  Arago  at  their 
head,  disputed  the  equal  claims  of  Adams  to  participate  with  Le 
Verrier  in  the  honours,  but  Mr.  Airy,  the  Astronomer  Royal,  laid 
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before  the  Boyal  Astronomical  Society,  on  Nov.  13,  such  an  over- 
whelming chain  of  evidence  in  favour  of  our  distinguished  country- 
man's exertions  as  seems  to  all  impartial  minds  to  have  finally 
settled  the  question  ^, 

The  intellectual  g^randeur  of  this  discovery  will  be  best  ap- 
preciated, so  far  as  a  non-mathematical  reader  is  concerned,  by 
placing  in  juxta-position  the  observed  longitude  of  the  new  planet 
when  telescopically  discovered,  and  the  computed  longitudes  of 
Adams  and  Le  Verrier. 

Hbliooertbio  PosinoNB. 

Observed  by  Galle SaiT  5a' 

Computed  by  Adams        ..     329*^19' 

Computed  by  Le  Yerrier 3a6*   o' ; 

Adams        A  C  -  O  «  +  a**  a/ 
Le  Verrier  A  C  -  O  =  -  o**  sa*. 

Prom  this  it  will  be  seen  that  Le  Verrier's  computation  proved 
to  be  slightly  the  more  accurate  of  the  two,  a  fact  which  in  no 
respect  militates  against  the  equality  of  the  merits  of  the  two  great 
mathematicians. 

After  considerable  discussion  Neptune  was  the  name  agreed  upon 
for  the  new  planet;  Gralle's  suggestion  of  Janus  being  rejected 
as  too  significant. 

"  Such/'  in  the  words  of  Hind,  "  is  a  brief  history  of  this  most 
brilliant  discovery,  the  grandest  of  which  astronomy  can  boast,  and 
one  that  is  destined  to  a  perpetual  record  in  the  annals  of  science — 
an  astonishing  proof  of  the  power  of  the  human  intellect/' 

The  accompanying  diagram  shews  the  paths  of  Uranus  and 
Neptune  from  1 781  to  1840,  and  will  illustrate  the  direction  of  the 
perturbing  action  of  the  latter  planet  on  the  former. 

From  1 781  to  182a  it  will  be  evident,  from  the  direction  of 


^  The  foregoinff  \a  a  very  bare  outline  Smyih*B  Speculum  Hartwellianum,  p.  405; 

of  the  case,  which  is  a  very  interesting  and   Sir  J.  Herschel's  Outlines  of  AH,, 

one.     Grant  {Hitl,  Phys.  Ast,,  ]p.  16$  et  P-  533  et  ieq.    The  French  case  will  be 

§eq.)  gives  full  particulars;  and  references  found  stated  inArago's  Pop.  Att.,  vol.  ii. 

may  also  be  made  to  Month,  Not.  R.A.S.,  p.  65a  et  ieq.,  where  the  English  trans- 

voL  viL  p.  131 ;  Mem.  B.A.S.,  vol.  xvi.  p.  lator*s  notes  are  very  neoessary. 
385 ;   Athenceum,   Oct.   3,   1846 ;  Adm. 
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the  aiTowSj  that  Neptune  tended  to  draw  Uranus  in  adrance  of  its 
place  ae  computed  independently  of  exterior  perturbation. 

In  1822  the  two  planets 
were  in  conjunction,  and  the 
ooly  effect  of  Neptune  was 
to  draw  Uranus  farther  from 
the  Sun,  without  altering  its 
longitude. 

From  182a  to  1830  the 
'  effect  of  Neptune  was  to 
,  destroy  the  excess  of  longi- 
tude accumulated  from  1 781, 
and  after  1830  the  error  in 
longitude  changed  its  sign, 
and  for  some  years  subse- 
I  quently  Uranus  was  retard^ 
by  Neptune. 
Neptune  revolves  round 
the  Sun  in  60,12$  days,  or  164-6  years,  at  a  mean  distance  of 
2,746,271,232  miles,  which  an  eccentricity  of  0-0087  will  increase 
to  2,770,217,344,  or  diminish  to  2,722,525,120  miles.  The  appa- 
rent diameter  of  Neptune  only  varies  between  2'6"  and  2'8". 
Its  true  diameter  is  about  36,600  miles — somewhat  greater  than 
that  of  UranuB.     No  compression  is  perceptible. 

Neptune  is  destitute  of  visible  spots  and  belts,  and  the  period 
of  it«  axial  rotation  is  unknown,  and  likely  to  remain  so.  Lassellj 
Challis,  and  Bond,  have  at  various  times  suspected  the  existence 
of  a  ring,  but  nothing  certain  is  known  on  the  subject.  It  woold 
be  very  desirable  to  have  a  large  reflector  like  Ziord  Rosse's  devoted 
to  a  series  of  observations  of  this  planet  and  Uranus,  for  it  is  nearly 
certain  that  no  other  existing  instrument  will  add  to  our  present 
extremely  limited  knowledge  of  the  physical  appearance  of  theso 
planets. 

Neptune  is  known  to  be  attended  by  one  satellite,  discovered  by 
Lassell  in  1846,  and  both  that  observer  and  the  late  W.  C.  Bond 
subsequently  obtained  traces  of  the  existence  of  a  second,  though 
this  awaits  confirmation. 
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The  following  table  conveys  all  the  information  we  at  present 
possess  about  Lassell's  confirmed  satellite : — 

THE  SATELLITE  OF  NEPTUNE. 


I. 

Mean  Distance. 

Aniarenft 

Star  Mag. 

nttude. 

Max. 

Bkag. 

Radii  of 

Mfles. 

Sidereal  Period. 

Lassell.   1846,  Oct.  10 

la'OO 

230,000 

d.   h.  m. 
5  «l  8 

d. 
5-87 

14 

// 

18 

Hind  gives  the  following  elements  • : — 

Epoch  1853,  Nov.  o,  G.  M.  T. 

e  I 

Mean  anomaly H3  3^ 

Peri-neptuniam i77  30 

Q >75  40 

I ••      ..    15'     o 

Eccentricity 6     5  «  0*1059748 

Period 5*8769*. 

The  elements  are  calculated  for  direct  motion;  accordingly  it 
will  be  noticed  that  the  actual  Neptunicentric  motion  of  the  satel- 
lite is  retrograde — a  circumstance,  excepting  in  the  case  of  the 
Uranian  satellites,  unparalleled  in  the  solar  system  as  regards 
planets,  though  there  are  plenty  of  retrograde  comets. 

The  mass  of  Neptune  has  been  variously  estimated  at  x  1 4  a  i-  by 
O.  Struve ;  at  tftftjt  by  Peirce ;  at  nmnr  by  Bond  j  at  ttwt7  ^7 
Hind,  from  a  combination  of  early  measures;  at  ^y^^y  by  the 
same  from  LasselFs  Maltese  measures;  at  10000  by  Littrow;  at 
i^lgg  by  Madler;  and  at  aooso  by  Safibrd,  which  is  the  most 
recent  evaluation. 

The  only  known  observations  of  Neptune  made  previously  to  its 
discovery  in  1846  are  two  by  Lalande,  dated  May  8  and  10, 1795, 
and  one  by  Lament  of  Oct.  25, 1845.  Two  by  the  same  astronomer 
on  Sept.  7  and  11,  1846,  were  probably  due  to  Le  Verrier's  an- 
nouncement made  just  before,  and  therefore  are  not  entitled  to  be 
regarded  as  casual  ones. 

«  Month.  Not.  R. A.S.,  vol.  xv.  p.  47.     For  some  of  Lassell's  observatioDa  see  vol.  ziL 
p.  155,  and  vol.  xiii.  p.  37. 
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Owing  to  its  immense  distance^  only  Saturn  and  Uranus  can  be 
seen  from  Neptune.  Though  deprived  of  a  view  of  the  principal 
members  of  the  solar  system^  the  Neptunian  astronomers^  if  there 
are  any^  are  well  circumstanced  for  inspecting  comets^  and  are  also 
able  to  take^  probably  with  considerable  success^  observations  on 
stellar  parallax^  seeing  that  they  are  in  possession  of  a  base-line 
of  5j5oo^ocx>^ooo  miles^  or  one  30  times  the  length  of  that  to  which 
we  are  restricted. 

Our  present  knowledge  of  the  movements  of  Neptune  is  derived 
from  the  investigations  of  the  late  S.  C.  Walker^  of  Philadelphia^ 
U.  S.,  and  the  tables  of  M.  Kowalski. 
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GENERAL  OUTLINES. 

V 

DefinUwM. — Position  of  the  Moon*8  orbit  as  regards  the  Earth* s, — Consequences 
resulting  from  their  being  indined. — Retrograde  nwtion  of  the  nodes  of  the 
Moon*s  orbit. — Coincidence  0/223  synodical  periods  with  19  synodical  revolu- 
tions of  the  node. — Known  as  the  **  Saros." — Statement  of  Diogenes  LaSrtius. — 
lUustraiion  of  the  use  of  the  Saros. — Number  of  Eclipses  which  can  occur. — Solar 
Eclipses  more  frequent  than  Lunar  ones. — Duration  of  Annular  and  Total  Eclipses 
of  the  Sun. 

THE  phenomena  which  I  am  about  to  describe  are  those 
resulting  from  the  interposition  of  celestial  objects.  We 
know  well  that  inasmuch  as  many  of  the  heavenly  bodies  are  con- 
stantly in  motion^  the  direction  of  lines  drawn  from  one  to  another 
will  vary  from  time  to  time ;  and  it  must  occasionally  happen  that 
three  will  come  into  the  same  line.  "  When  one  of  the  extremes 
of  the  series  of  3  bodies  which  thus  assume  a  common  direction 
is  the  Sun,  the  intermediate  body  deprives  the  other  extreme  body, 
either  wholly  or  partially,  of  the  illumination  which  it  habitually 
receives.  When  one  of  the  extremes  is  the  Earth,  the  inter- 
mediate body  intercepts,  wholly  or  partially,  the  other  extreme 
body  from  the  view  of  observers  situate  at  places  on  the  Earth 
which  are  in  the  common  line  of  direction,  and  the  intermediate 

M  2 
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body  is  seen  to  pass  over  the  other  extreme  bodj^  as  it  enters 
upon  or  leaves  the  common  line  of  direction.  The  phenomena 
resulting  from  such  contingencies  of  position  and  direction  are 
variously  denominated  Eclipses,  Transits,  and  Occultatians,  according 
to  the  relative  apparent  magnitudes  of  the  interposing  and  ob- 
scured bodies,  and  according  to  the  circumstances  which  attend 
them/'  We  will  proceed  to  consider  these  several  phenomena  in 
detail,  beginning  with  Eclipses. 

It  must  be  premised  that  the  Moon's  orbit  does  not  lie  in 
exactly  the  same  plane  as  the  Earth's,  but  is  inclined  thereto  at 
an  angle  which  varies  between  5**  20'  6"  and  4**  57'  ht,",  and  for 
which  5**  8'  45"  may  be  taken  as  the  mean  value.    The  two  points 

Fig.  61, 


Theory  of  a  Totax  Eclipse  of  the  Sun. 

where  its  path  intersects  the  ecliptic  are  called  the  nodes,  and  the 
imaginary  line  joining  these  points  is  termed  the  line  of  nodes. 
When  the  Moon  is  crossing  the  ecliptic  from  south  to  north,  it 
is  passing  its  ascending  node  ( bd ),  the  opposite  point  of  its  orbit  being 
its  descending  node  ( 3 ).  If  the  Moon  should  happen  to  pass  through 

Fig.  63. 
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either  node  at  or  near  the  time  of  conjunction,  or  New  Moon,  it 
will  necessarily  come  between  the  Earth  and  the  Sun,  and  the 
3  bodies  will  be  in  the  same  straight  line ;  it  will  therefore  follow 
that  to  certain  parts  of  the  Earth  the  Sun's  disc  will  be  obscured, 
wholly  or  partially  as  the  case  may  be :  this  is  an  Eclipse  of  the 
Sun,  In  the  figures  above,  S  represents  the  Sun,  E  the  Earth, 
and  M  the  Moon.     In  a  total  eclipse  the  Moon's  shadow  reaches 
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to  the  Earthy  the  Moon  being  more  or  less  in  a  perigean  position. 
In  an  annular  eclipse  the  Moon's  shadow  falls  short  of  the  Earthy 
the  Moon  being  more  or  less  in  an  apogean  position. 

The  Earth  and  the  Moon,  being  opaque  bodies^  must  cast  a 
shadow  into  space^  though  of  course^  owing  to  its  larger  size,  the 
Earth's  shadow  is  much  the  larger.  If  the  Moon  should  happen 
to  pass  through  either  node  at  or  near  the  time  of  opposition, 
or  Pull  Moon,  it  will  be  again,  as  before,  in  the  same  straight 
line;  only  the  Moon  in  the  present  case  will  be  involved  in 
the  shadow  of  the  Earth,  and  therefore  will  be  deprived  of  the 
Sun's  light :  this  is  an  Eclipse  of  the  Moon, 


Thiobt  of  an  Eolifsb  or  thk  Moon. 

In  Fig.  64,  S  represents  the  Sun,  E  the  Earth,  and  m  n  the 
orbit  of  the  Moon :  that  the  Moon  becomes  involved  in  the  Earth's 
shadow  in  passing  from  m  to  »  is  obvious. 

K  the  orbits  of  the  Earth  and  the  Moon  were  in  the  Same  plane, 
an  eclipse  would  happen  at  every  conjunction  and  opposition,  or 
about  25  times  a  year ;  but  as  such  is  not  the  case,  eclipses  are  of  less 
frequent  occurrence.  According  to  the  most  recent  investigations,  in 
order  that  an  eclipse  of  the  Sun  may  take  place,  the  greatest  possi- 
ble distance  of  the  Sun  or  Moon  from  the  true  place  of  the  nodes  of 
the  Moon's  orbit  is  1 8°  36',  whilst  the  latitude  of  the  Moon  must  not 
exceed  1°  34'  5a".  If,  however,  the  distance  be  less  than  15°  19'  30", 
and  the  latitude  less  than  i''  23'  15'',  an  eclipse  must  take  place,  though 
between  these  limits  the  occurrence  of  the  eclipse  at  any  one  station 
is  doubtful,  and  depends  upon  the  horizontal  parallaxes  and  apparent 
semi-diameters  of  the  two  bodies  at  the  moment  of  conjunction. 
In  order  that  a  lunar  eclipse  may  take  place,  the  remark  I  have 
just  made  will  equally  hold  good,  provided  only  that  12''  24,  9°  23', 
63' 45",  and  5i'57",  be  substituted  for  the  quantities  given  above. 
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The  nodes  of  the  Moon's  orbit  are  not  stationary^  but  have  a 
daily  retrograde  motion  of  3'  10*64"  or  an  annual  one  of  19°  20'  i^'f, 
so  that  a  complete  revolution  round  the  ecliptic  is  accomplished  in 
i8y  ai8<*  21**  22™  46"  nearly.  The  Moon  performs  a  revolution  with 
respect  to  the  node  in  27^5**  5"  36*  (27'2i222222^).  This  is  termed 
a  "  nodical  revolution  of  the  Moon  ■/'  and  must  not  be  confounded 
with  the  "  synodical  revolution  of  the  Moon/'  It  is  shorter  than 
the  latter^  because  the  retrograde  motion  of  the  node  upon  the 
ecliptic  brings  the  Moon  into  contact  with  it  before  she  comes 
again  into  conjunction  or  opposition  as  the  case  may  be.  I  must 
now  refer  to  a  singular  effect  produced  by  the  retrocession  of  the 
nodes  on  the  ecliptic.  The  Moon's  synodical  period,  or  the  time 
she  occupies  in  passing  from  one  conjunction  or  opposition  to 
another,  is  29*  12**  44"  2*87 •  (29*5305887215*);  223  of  these 
periods  amount  to  6585*32 1*  (18^  10*  7**  43");  but  19  revolutions 
of  the  Sun  with  respect  to  the  lunar  node  *»  (each  of  346-62'')  are 
completed  in  6585772** :  the  near  coincidence  of  these  two  periods 
produces  this  obvious  result,  that  eclipses  recur  in  almost,  though 
not  quite,  the  same  regular  order  after  the  completion  of  19  sy- 
nodical revolutions  of  the  Moon's  node.  The  difference  between 
the  two  periods  is  0'45i*,  or  io*»49-6";  during  which  time  the 
Sun  describes  an  arc  of  28'  6"  relative  to  the  lunar  node. 

It  was  probably  a  knowledge  of  this  fact  that  enabled  the 
ancient  astronomers  to  predict  the  occurrence  of  a  great  eclipse, 
since  it  is  quite  certain  that  they  did  so  in  more  than  one  instance 
before  the  nature  of  eclipses  was  fully  understood :  this  cycle  was 
known  to  the  Chaldseans  as  the  Saros^.  Diogenes  Laertius  re- 
cords 373  solar  and  832  lunar  eclipses  observed  in  Egypt;  and 
although  his  testimony  is,  generally,  not  of  any  great  value,  yet 


•  Sometimes  the  Draconic  Period, 
^  If  the  lunar  nodes  were  immoveable 
the  Sun  would  return  to  the  same  po- 
sitions with  respect  to  them  every  terres- 
trial tropical  year  ;  but  this  luni-nodical 
revolution  of  the  Sun,  if  such  an  expres- 
sion may  be  used,  is  less  than  the  tropical 
vear  for  the  same  reason  that  the  n<^ical 
lunar  month  is  less  than  the  synodiccU 
one,  the  node  receding  to  meet  the  Sun 
instead  uf  remaining  stationary.     Since 


the  lunar  nodes  travel  at  only  3'  10''  per 
day,  compared  with  the  Sun*s  ecliptic 
motion  of  59'  9",  it  follows  that  the  nodes 
require  i8*6<*  to  get  over  the  angfular 
distance  which  the  Sun  does  in  i^.  De- 
ducting then  iS'6^  from  365 '343<i  (the 
mean  solar  year),  we  get  346'643<*,  tm 
above,  for  the  period  of  the  Sun's  return 
to  the  same  lunar  nodes, 
e  See  Eng.  Cyd,    Art.  8aro9, 
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it  is  very  singular  tliat  this  is  just  the  proportion  of  solar  and  lunar 
eclipses  visible  above  a  given  horizon  within  a  certain  period  of 
time  {i200~iyx>  years) — a  coincidence  which  cannot  be  acci- 
dental \ 

From  what  I  have  just  said  it  might  be  imagined  that  a 
correct  list  of  eclipses  for  18*03  7^^^^  would  be  sufficient  for  all 
purposes  of  calculation ;  as  by  adding  the  ecliptic  period  as  many 
times  as  required^  the  period  of  an  eclipse  might  be  known  at 
any  distance  of  time.  This  would  be  nearly  correct  if  an  eclipse 
appeared  under  precisely  the  same  circumstances  as  the  one  in  the 
preceding  or  following  period  corresponding  to  it :  but  such  is  not 
the  case®.  An  eclipse  of  the  Moon^  which  in  the  year  ^6^  a.d.  was 
of  6  digits  ^  was  in  the  year  583  of  7  digits^  and  in  601  of  nearly  8. 
In  908  the  eclipse  became  totals  and  it  remained  so  for  about  1% 
periods,  or  until  the  year  1088  :  this  eclipse  continued  to  diminish 
until  the  commencement  of  the  15th  century,  when  it  totally  dis- 
appeared in  the  year  1413.  In  a  similar  manner  an  eclipse  of  the 
Sun,  which  appeared  at  the  North  Pole  in  June  1295,  became 
more  southerly  at  each  period.  On  Aug.  27,  1367,  it  made  its 
first  appearance  in  the  north  of  Europe ;  in  1439  it  was  visible  all 
over  Europe;  at  its  19***  appearance,  in  1601,  it  was  central  in 
London;  on  May  5,  1818,  it  was  visible  at  London,  and  was  again 
nearly  central  at  that  place  on  May  15,  1836.  At  its  39***  ap- 
pearance, August  10,  1980,  the  Moon's  shadow  will  have  passed 
the  equator,  and,  as  the  eclipse  will  take  place  near  midnight,  it 
will  be  invisible  in  Europe,  Africa,  and  Asia.  At  every  subsequent 
period  the  eclipse  will  go  more  and  more  towards  the  south,  until, 
finally,  at  its  78***  appearance  on  Sept.  30,  2665,  it  will  go  off  at 
the  South  Pole  of  the  Earth,  and  disappear  altogether. 

In  the  18-year  eclipse  period,  there  usually  happen  70  eclipses. 


^  HtMi,  ofAsi.,  L.U.K.,  p.  15. 

*  Halley  found  that  if  this  period  were 
added  to  the  middle  of  any  eclipse,  the 
corresponding  one  might  be  predicted  to 
within  i^  50™.  According  as  4  or  5  leap- 
years  intervene,  the  period  of  the  Saros 
will  be  187  10*  &c.  or  iS^  ii**  &c. 

'  A  digit  is  the  -^  part  of  the  surface  of 
the  Sun  or  Moon ;  and  of  course  an  eclipse 
of  6  digits  will  be  understood  to  be  one  in 


which  ^  the  disc  of  the  luminary  is  hidden. 
In  the  case  of  a  lunar  eclipse,  when  the 
magnitude  is  said  to  exceed  12  digits,  it 
means  that  the  Earth's  shadow  extends 
itself  so  many  digits  beyond  the  Moon's 
contour.  The  Companion  to  the  Almanac 
for  1 833  contains  some  useful  memoranda 
about  digits,  and  a  description  of  the 
path  of  the  central  line  at  different  pe- 
riods of  the  year. 
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of  which  41  are  solar  and  29  are  lonar.  In  any  one  year  the 
greatest  number  that  can  occur  is  7,  and  the  least  %i  in  the 
former  case  5  of  them  may  be  solar^  and  %  lunar;  in  the  latter 
both  mmt  be  solar.  Under  no  circumstances  can  there  be  more 
than  three  lunar  eclipses  in  1  jear^  and  in  some  years  there  are 
none  at  all.  Though  eclipses  of  the  Sun  are  more  numerous 
than  those  of  the  Moon  in  the  proportion  of  41  to  ^9  (say  of 
3  to  2),  yet  at  any  given  place  more  lunar  eclipses  are  visible 
than  solar;  because^  whilst  the  former  are  visible  over  an  entire 
hemisphere^  the  area  of  the  Earthy  over  which  the  latter  are 
visible^  is  a  narrow  strip^  which  cannot  exceed  180  and  is  seldom 
more  than  140  miles  or  so  in  breadth. 

The  reason  is,  that  an  eclipse  of  the  Moon  is  visible  to  an 
entire  hemisphere,  on  account  of  the  large  size  of  the  Earth's 
shadow  and  the  proximity  of  the  2  bodies :  on  the  other  hand, 
an  eclipse  of  the  Sun  is  only  visible  to  a  limited  portion  of  the 
Earth's  surface,  on  account  of  the  comparatively  small  size  of  the 
Moon  and  its  great  distance  from  the  Sun.  In  a  solar  eclipse 
the  Moon's  shadow  traverses  the  Earth  at  the  rate  of  1830  miles 
an  hour,  or  rather  more  than  half  a  mile  per  second.  This  cor- 
responds to  30^  miles  per  minute :  Lalande  says  33*1. 

Du  Sejour  found  that,  counting  from  first  to  last,  a  solar  eclipse 
at  the  equator  may  last  4^  29°^  44*,  and  that  at  the  latitude  oiParU 
the  maximum  period  is  3**  26™  22%  but  that  the  interval  of  time 
during  which  the  Sun  will  be  centrally  eclipsed  is  very  limited. 
The  duration  of  the  total  obscuration  is  greatest  when  the  Moon 
is  in  perigee  and  the  Sun  in  apogee ;  for  the  apparent  diameter  of 
the  Moon  being  then  the  greatest  possible,  while  that  of  the  Sun 
is  the  least  possible,  the  excess  of  the  former  over  the  latter, 
upon  which  the  totality  depends,  has  then  attained  its  maximum. 
Now  the  perigean  diameter  of  the  Moon  =  33'  31";  the  apogean 
diameter  of  the  Sun  =  31'  30". 

A  :  ii  31"-  31'  30"=  a'  I". 

This  then  is  the  arc  which,  under  these  circumstances,  the 
Moon  describes  during  the  continuance  of  the  total  phase.  Taking 
into   consideration    the   rapid   motion    of  the   Moon,   it  will  be 


Chap.  L]  GenercU  Outlines.  169 

seen  that,  under  the  most  favonrable  circuinstancesj  the  Sun 
cannot  remain  totally  eclipsed  for  more  than  a  few  minutes. 

The  duration  of  the  obscuration  in  a  total  eclipse  of  the  Sun 
varies,  cateris  paribus,  with  the  latitude  of  the  place  of  observation, 
being  greatest  under  the  equator.  Du  Sijour*  found  that,  under 
the  most  favourable  circumstances,  the  g^reatest  possible  duration 
of  the  total  phase  at  the  equator  was  7°^  58",  and  that  at  the 
latitude  of  Paris  it  was  6™  lo". 

The  duration  of  an  annular  eclipse  is  greatest  when  the  Moon  is 
in  apogee  and  the  Sun  in  perigee,  for  then  the  apparent  diameter 
of  the  Sun  is  the  greatest,  whilst  that  of  the  Moon  is  the  least 
possible,  and  consequently  the  excess  of  the  former  over  the  latter, 
upon  which  the  annulus  depends,  is  then  at  a  maximum. 

The  perigean  diameter  of  the  Sun  =  3a'  35".  The  apogean 
diameter  of  the  Moon  =  29'  %%". 

This  then  is  the  arc  described  by  the  Moon  during  the  con- 
tinuance of  the  annular  phase.  Du  Sejour  found  by  calculation 
that  the  greatest  possible  duration  of  the  annular  phase  under  the 
equator  *»  was  ia°*  24%  and  that  at  the  latitude  of  Paris  ^  it  was 
9°»  56-. 

It  may  be  desirable  just  briefly  to  point  out  the  reasons  why  the 
greatest  possible  duration  of  an  annular  eclipse  exceeds  that  of  a 
total  one.  They  are  %  in  number :  !■*.  Because  the  excess  of  the 
perigean  diameter  of  the  Sun  over  the  apogean  diameter  of  the 
Moon  (=3'  13")  is  greater  than  the  excess  of  the  perigean  diameter 
of  the  Moon  over  the  apogean  diameter  of  the  Sun  (  =  a'  i"). 
a°^.  Because  the  motion  of  the  Moon  in  apogee  is  much  slower 
than  it  is  in  perigee. 

From  the  above  remarks  it  will  be  readily  understood  that 
though  so  many  solar  eclipses  happen  from  time  to  time^  yet 
the  occurrence  of  an  annular  or  total  one  at  any  particular 
locality,  is  a  very  rare  phenomenon.  Thus,  according  to  Halley, 
no  total  eclipse  had  been  observed  at  London  between  March  20, 

»  Mim,  Acad,  des  Sciencef,  1777,  p.  318.  ^  Ibid.,  p.  317. 

»  Ibid.,  p.  316. 


170    Eclipses  and  their  Associated  Phenomena.   [Book  IL 

1140^  and  April  7,2,,  1715  (o.  s.),  though  at  difiereDt  times  during 
that  interval  the  shadow  of  the  Moon  had  frequently  passed  over 
other  parts  of  Great  Britain  ^. 

The  calculation  of  eclipses  is  a  matter  of  considerable  com- 
plexity. A  paper  by  Woolhouse,  in  the  supplement  to  the  Nautical 
Almanac  for  1 836^  and  the  chapters  in  Loomis^s  well-known  work  ^, 
may  be  named  as  the  best  guides  in  our  language  °^. 


^    PhU,    Tran»^   voL    xxix.    p.  245.  >"  It  ib  recorded  by  Rittenhouae  that 

1 7 15.  in  his  early  days  he  calculated  eclipeee 

'  Practical  Aglronomy,  on  hiB  plough-handle. 
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CHAPTER    II. 

ECLIPSES  OF  THE  SUN. 

Grandeur  of  a  Total  Eclipse  of  the  Sun. — Bow  regarded  in  ancient  times, — £!feets 
of  the  progress  qf  Science, — Chief  phewmena  seen  in  connexion  wUh  Total 
Eclipses, — Change  in  the  colour  of  the  sky. — The  chscurity  which  prevails, — 
Effect  noticed  by  Piola, — Physical  explanation. — Baily's  Beads. — Extras  from 
BaUy's  original  memoir, — Probably  due  to  irradiation. — Supposed  to  have  been 
first  noticed  by  Halley  in  1715.— i5r<«  description, — The  Corona, — Hypothesis 
advanced  to  explain  its  origin, — Probably  caused  by  an  atmosphere  around  the 
Sun. — Remarks  by  Grant. — First  alluded  to  by  Philostratus. — Then  by  Plutarch,  — 
Corona  visible  during  Annular  Edipses. — The  Red  Flames, — Remarks  by  Dawes, — 
Physical  cause  unknown. — First  mentioned  by  Stannyan. — Note  by  Flamsteed, — 
ObservcUions  of  Vcusenius, — Aspect  presented  by  the  Moon. — Remarks  by  Arago, 

A  TOTAL  eclipse  of  the  Sun  is  a  most  imposing  spectacle^ 
-^^  especially  when  viewed  from  the  summit  of  a  lofty  mountain. 
Words  can  but  inadequately  describe  the  grandeur  and  magni- 
ficence of  the  scene.  On  all  sides  indications  are  afforded  that 
something  unusual  is  taking  place.  At  the  moment  of  totality 
the  darkness  is  sometimes  so  intense  that  the  brighter  stars  and 
planets  are  seen^  birds  go  to  roost,  flowers  close^  and  the  face 
of  nature  assumes  an  unearthly  cadaverous  hue;  not  the  least 
striking  thing  is  the  sudden  and  frequently  considerable  fall  that 
takes  place  in  the  temperature  of  the  atmosphere  as  the  time  of 
the  greatest  obscuration  draws  near. 

'^  During  the  early  history  of  mankind^  a  total  eclipse  of  the 
Sun  was  invariably  regarded  with  a  feeling  of  indescribable  terror, 
as  an  indication  of  the  anger  of  the  offended  Deity,  or  the  presage 
of  some  impending  calamity ;  and  various  instances  are  on  record 
of  the  (supposed)  extraordinary  effects  produced  by  so  unusual  an 
event.     In  a  more  advanced  state  of  society,  when  Science  had 
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begun  to  diffiise  her  genial  influence  over  the  human  mind^  these 
vain  apprehensions  gave  place  to  juster  and  more  ennobling  views 
of  nature;  and  eclipses  generally  came  to  be  looked  upon  as 
necessary  consequences  flowing  from  the  uniform  operation  of 
fixed  lawSj  and  differing  from  the  ordinary  phenomena  of  nature 
only  in  their  less  frequent  occurrence.  To  astronomers  they  have 
in  all  ages  proved  valuable  in  the  highest  degree^  as  tests  of  great 
delicacy  for  ascertaining  the  accuracy  of  their  calculations  relative 
to  the  place  of  the  Moon,  and  hence  deducing  a  further  improve- 
ment of  the  intricate  theory  of  her  movements.  In  modem  times, 
when  the  physical  constitution  of  the  celestial  bodies  has  attracted 
the  attention  of  many  eminent  astronomers,  observations  of  eclipses 
have  disclosed  several  interesting  facts,  which  have  thrown  con- 
siderable light  on  some  important  points  of  inquiry  respecting  the 
Sun  and  Moon  •/' 

Among  the  Hindus  a  singular  custom  is  said  to  exist.  When 
during  a  solar  eclipse  the  black  disc  of  our  satellite  is  seen  ad- 
vancing over  the  Sun,  the  natives  believe  that  the  jaws  of  some 
monster  are  gradually  eating  it  up.  They  then  commence  beating 
gong^,  and  rending  the  air  with  the  most  discordant  screams  of 
terror  and  shouts  of  vengeance.  For  a  time  their  efforts  are 
productive  of  no  good  result — ^the  eclipse  still  progresses.  At 
length,  however,  the  terrific  uproar  has  the  desired  effect  on  the 
voracious  monster;  it  appears  to  pause,  and  then,  like  a  fish  that 
has  nearly  swallowed  a  bait  and  then  rejects  it,  it  gradually  dis- 
gorges the  fiery  mouthful.  When  the  Sun  is  quite  clear  of  the 
great  dragon's  mouth,  a  shout  of  joy  is  raised,  and  the  poor  natives 
disperse,  extremely  self-satisfied  on  account  of  their  having  (as 
they  suppose)  so  successfully  relieved  their  deity  from  his  late 
perils.  Times  have  now  happily  altered  somewhat.  We  do  not 
look  on  a  total  eclipse  of  the  Sun  as  a  dire  calamity,  but  merely  as 
one  of  the  ordinary  effects  resulting  from  the  due  working  of  those 
laws  by  which  a  Divine  Being  wills  to  govern  the  universe. 

An  eclipse  of  the  Sun  may  be  either  partial,  annular,  or  total:  it 
is  partial  when  only  a  portion  of  the  Moon's  disc  intervenes 
between  the  Sun  and  the  observer  on  the  Earth ;   annular,  when 

•  Grant,  HiaL  Phy9.  AjU.,  p.  359. 
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the  Moon's  apparent  diameter  is  less  tlian  the  San's,  so  that  when 
the  former  is  projected  on  the  latter  it  is  not  sufficiently  large 
completely  to  cover  it, — an  annulus,  or  ring  of  the  Sun,  being  left 
unobscured;  and  total  when  the  Moon's  apparent  diameter  is 
greater  than  that  of  the  Sun,  which  is,  therefore,  wholly  obscured. 
In  an  annular  eclipse,  when  the  centre  of  the  Sun  and  Moon  exactly 
coincide,  it  is  said  to  be  central  and  annular — the  Sun  appearing, 
for  an  instant  only,  as  a  brilliant  ring  of  light  around  the  dark 
body  of  the  Moon. 

I  shall  now  proceed  to  describe  the  principal  phenomena 
which  are  usually  witnessed  in  connexion  with  solar  eclipses. 
Not  the  least  remarkable  is  the  almost  invariable  change  of  colour 
which  the  sky  undergoes.  Halley,  in  his  account  of  the  eclipse 
of  1 7 15,  says:  "When  the  eclipse  was  about  10  digits  (that  is, 
when  about  ^  of  the  solar  diameter  was  immersed),  the  face  and 
colour  of  the  sky  began  to  change  from  a  perfect  serene  azure 
blue  to  a  more  dusky  livid  colour,  intermixed  with  a  ting^  of 
purple,  and  grew  darker  and  darker  till  the  total  immersion  of 
the  Sun  V 

It  has  also  been  found  that  whilst  the  sky  changes  colour 
during  the  progress  of  an  eclipse,  similar  effects  are  also  produced 
upon  terrestrial  objects.  This  seems  to  have  been  noticed  as  far 
back  as  840  a.d.  ®  Kepler  mentions  that  during  the  solar  eclipse 
which  happened  in  the  autumn  of  1590,  the  reapers  in  Styria 
noticed  that  everything  had  a  yellow  tinge  ^.  Similar  effects 
have  also  been  described  in  modern  times  ^. 

The  darkness  which  prevails  during  a  total  eclipse  of  the  Sun 
is  not  usually  so  considerable  as  might  be  expected.  It  is,  how- 
ever, subject  to  much  variation.  Ferrer,  speaking  of  the  eclipse  of 
1806,  says,  "that  at  the  time  of  total  obscuration  as  much  light 
remained  as  is  equal  to  that  afforded  by  a  full  Moon'.''  In 
general  it  has  been  found  that  the  darkliess  is  sufficiently  great  to 
prevent  persons  from  reading,  though  exceptions  to  this  rule  have 

*>  Phil.  Trans.,  vol.  xxix.  p.  347.  1715.  <*  Ibid.,  p.  303. 

Arago  gives    an   elaborate   explanation  ^  Mem.  R.A.S.,   vol.  zv.  xxii. ;    An- 

of    this.      Pop.    AMt,,    vol.    ii.    p.  358,  nuaire,  1846,  p.  291,  &c. 

Eng.  ed.  '  Trans.    Amer.  PhU,  Soc.,  voL  vi.  p. 

<:  Ad  Vitellianem  Paralipomenay  p.  394.  366. 
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been  known.  The  faint  illumination  which  exists  at  the  moment 
of  the  totality  is  due  to  light  reflected  from  those  regions  of  the 
atmosphere  which  are  still  exposed  to  the  direct  rays  of  the  Sun. 
The  corona  (presently  to  be  described)  also,  no  doubt,  assists  in 
producing  the  effect.  The  degree  of  obscuration  will  also  vary 
according  as  the  observer  is  or  is  not  deeply  immersed  in  the  lunar 
shadow — a  fact  first  pointed  out  by  Halley  *. 

In  the  case  of  the  eclipse  of  1 842,  it  was  remarked  by  Piola  at  Lodi^ 
and  by  O.  Struve  at  Lipesk,  that  although  the  obscurity  was  such 
that  stars  of  the  7,^  and  3^^  magnitudes  ought  to  have  been  visible, 
yet  only  those  of  the  !■*  magnitude  were  actually  seen  \  M.  Belli 
explains  this  curious  fact  by  reference  to  a  physiological  principle. 
He  remarks  that  during  the  short  interval  of  total  obscuration  the 
eye  has  not  sufficient  time  to  recover  from  the  dazzling  effect  of 
the  Sun's  rays,  and  consequently  is  unable  to  take  advantage 
of  the  obscurity  which  actually  prevails'.  The  suddenness  with 
which  the  light  succeeds  the  darkness  after  a  total  eclipse  of  the 
Sun  is  well  known.  Halley  suggested  2  explanations  of  the 
phenomenon,  i*^.  That  previously  to  the  total  obscuration  the 
pupil  of  the  eye  might  be  very  much  contracted  by  viewing 
the  Sun,  and  consequently  the  organ  of  vision  would  be  less 
likely  to  suffer  by  the  effiilgence  of  the  light  than  at  the  instant 
of  emersion,  when  the  pupil  had  again  expanded.  2^^>  That,  as 
the  eastern  margin  of  the  Moon,  at  which  the  Sun  disappeared, 
had  been  exposed  for  a  fortnight  to  the  direct  action  of  the  solar 
rays,  the  heat  generated  during  this  period  might  cause  vapours 
to  ascend  in  the  lunar  atmosphere,  which,  by  their  interposition 
between  the  Sun  and  the  Earth,  would  have  the  effect  of  tempering 
the  effulgence  of  the  solar  rays  passing  through  them.  On  the 
other  hand,  the  western  margin  of  the  Moon,  at  which  the  Sun 
reappeared,  had  just  experienced  a  night  of  equal  length,  during 
which  the  vapours  suspended  in  the  lunar  atmosphere  had  been 
undergoing  a  course  of  precipitation  upon  the  Moon's  surfisuse 
under  a  process  of  cooling.     In  this  case,  therefore,  the  solar  rays 

«    Phil,    Trans.,    vol.    xxii.    p.  350.      Biblwthique  Univertelle  de  GtiUve^  yoL 
1715-  xliv.  p.  368. 

»»  Giom.  dell'  Ut.  Lomb,,  vol.  iv.  p.  341 ;  *  Giam.  ddP  1st,  Lmnb,,  voL  iv.  p.  341. 
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would  meet  with  lees  ol>structioii  in  passing  throngli  the  lunar 
atmosphere,  and,  consequently,  it  was  reasonable  to  suppose  that 
they  would  produce  a  more  intense  effect'.  The  second  hypothesis 
requires  us  to'  suppose  the  presence  of  a  lunar  atmosphere,  the 
existence  of  which  modem  obserration  tends  to  disprove.  The 
first  is  doubtless  the  true  explanation. 

When  the  disc  of  the  Moon  advancing  over  that  of  the  Sun  has 
reduced  the  latter  to  a  thin  crescent,  it  is  usually  noticed  that 
immediately  before  the  beginning  and  after  the  end  of  complete 
obscuration,  the  crescent  appears  as  Vig.  65. 

a  band  of  brilliant  points,  separated 
by  dark  spaces  so  as  to  give  it  the 
appearance  of  a  string  of  beads.  No 
satisiactory  explanation  has  yet  been 
given  to  account  for  this  phenomenon, 
though  the  most  probable  hypothesis 
of  its  ori^n  is  that  which  refers  it  to 
the  eSect  of  irradiation.  It  is  of^n 
stated  that  the  effects  observed  are 
due  to  the  projection  of  some  of  the  " Bah-ys  Bkadb." 

mountains  of  our  satellite  upon  the  solar  disc.  This  explanation  is 
by  no  means  satisfactory. 

These  phenomena  are  generally  known  as  Ballot  bead»,  having 
received  their  name  from  the  late  Mr,  Francis  Baily,  who  was 
the  first  to  describe  them  in  detail^.  His  original  memoir  was 
published  in  1S56,  and  from  it  I  make  the  following  quo- 
tation : — 

"  When  [previouB  to  the  totality]  the  cnapa  of  the  San  ware  »bout  40°  (mrader,  m 
row  of  luciil  points,  Uke  a  string  of  bright  btsads,  irregulAr  in  size  and  diatance  from 
each  other,  mddmly  formed  round  that  part  of  the  circumference  of  the  Moon  that 
WKB  about  to  enter,  or  which  might  be  considered  as  having  just  entered,  on  the  Sud'b 
disc  Its  formatioQ  iDdeed  was  so  rapid,  that  it  presented  the  appearance  of  having 
been  caused  by  the  ignition  of  a  train  of  gunpowder.  This  I  intended  to  note  as  the 
correct  time  of  the  formation  of  the  annulus,  expecting  every  moment  to  see  the 
thread  of  light  completed  round  the  Moon,  and  attrihnting  this  serrated  appeanuoe 
of  the  Moon's  limb  (h  otbeiB  had  done  bcTore  me)  to  the  lunar  mountuni,  although 
the  raiiaining  portion  of  the  Moon's  circumfereDce  was  compantliTely  amooth  and 
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droalftr,  as  seen  through  the  telescope.  My  torprise,  howeyer,  wm  great  on  finding 
that  these  lominous  points,  as  well  as  the  dark  intervening  spaces,  increased  in 
magnitude,  some  of  the  contiguous  ones  appearing  to  run  into  each  other  like  drops 
of  water ;  for  the  rapidity  of  the  change  was  so  great,  and  the  singularity  of  the 
appearance  so  fi&scinating  and  attractive,  that  the  mind  was  for  the  moment  distracted 
and  lost  in  the  contemplation  of  the  scene,  so  as  to  be  unable  to  attend  to  eveiy 
minute  occurrence.  Finally,  as  the  Moon  pursued  her  course,  these  dark  intervening 
spaces  (which,  at  their  origin,  had  the  appearance  of  lunar  mountains  in  high  relief 
and  which  still  continued  attached  to  the  Sun*s  border)  were  stretched  out  into  long, 
black,  thick  parallel  lines,  forming  the  limbs  of  the  Sun  and  the  Moon  ;  when,  all  at 
once,  they  iuddenly  gave  way,  and  left  the  drcumferences  of  the  Sun  and  Moon  in 
those  points,  as  in  the  rest,  comparatively  smooth  and  circular,  and  the  Moon 
perceptibly  advanced  on  the  face  of  the  SunU** 

Mr.  Baily  then  goes  on  to  describe  the  appearances  which  he 
saw  after  the  total  obscuration ;  they  were,  however,  substantially 
the  same  as  those  recorded  above. 

The  earliest  account  of  the  phenomenon  of  the  beads  is  contained 
in  Halley^s  memoir  on  the  total  eclipse  of  17 15.  He  says  :  ''About 
2  minutes  before  the  total  immersion,  the  remaining  part  of  the 
Sun  was  reduced  to  a  very  fine  horn,  whose  extremities  seemed  to 
lose  their  acuteness,  and  to  became  round  like  stars ;  and,  for  the 
space  of  about  a  quarter  of  a  minute,  a  small  piece  of  the  southern 
horn  of  the  eclipse  seemed  to  be  cut  off /ram  the  rest  by  a  good 
interval,  and  appeared  like  an  oblong  star  rounded  at  both  ends  "*/' 
The  first  annular  eclipse  in  which  it  appears  that  any  beads  were 
seen  was  that  of  Feb.  18,  1736-7,  observed  by  Maclaurin'^. 

One  of  the  most  interesting  appearances  seen  during  a  total 
eclipse  of  the  Sun  is  the  corona,  or  halo  of  light  which  surrounds 
the  Moon.  It  usually  appears  3  or  4  seconds  previous  to  the  total 
extinction  of  the  Sun's  light,  and  continues  visible  for  about  the 
same  interval  of  time  after  its  reappearance.  In  general,  it  may 
be  compared  to  the  nimbus  commonly  painted  around  the  heads  of 
the  Virgin  Mary,  the  Apostles,  &c.  Different  explanations  have 
been  advanced  to  account  for  this  phenomenon  :  Kepler  thought  it 
due  to  the  presence  of  an  atmosphere  round  the  Moon  ^ ;  La  Hire 
suggested  that  it  might  be  produced  by  the  reflection  of  the  solar 
rays  from  the  inequalities  of  the  Moon's  surface,  contiguous  to  the 

*  Mem.  R.A.S.,  vol.  x.  p.  6.  "  /&u2.,  vol.  xl.  p.  177.    1737. 

"    Phil.    Trans. t    vol,    xxix.    p.  148.  ^  Ad  Vitdl.  Paralipom.,  p,  yn;  BpU. 

1715.  i4«<ron.,  p.  893. 
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edge  of  her  disOj  combined  with  their  subsequent  passage  through 
the  Earth's  atmosphere  p;  Professor  B.  Powell^  some  years  agOj 
conducted  a  series  of  experiments  which  tended  strongly  to  support 
the  idea  that  refraction  was  the  cause  of  it  ^  :  on  the  whole,  howeverj 
the  most  probable  theory  is  that  which  ascribes  it  to  the  presence 
of  an  atmosphere  about  the  Sun.  "  Its  round  figure,  its  nebulous 
structure,  and  its  gradually  diminishing  density  onwards,  are  all 
favourable  to  the  supposition  of  its  being  due  to  an  elastic  fluid 
encompassing  the  solar  orb,  and  gravitating  everywhere  towards  its 
centre.  It  is  true  that  precisely  similar  results  would  ensue  from 
the  existence  of  an  atmosphere  about  the  Moon;  but,  in  fact, 
there  is  no  reason  to  suppose  that  the  Moon  possesses  an  atmo- 
sphere capable  of  producing  an  appreciable  effect.  On  the  other 
hand,  the  hypothesis  of  a  solar  atmosphere  is  not  only  warranted 
by  the  analogy  of  the  other  bodies  of  the  planetary  system,  but  is 
also  supported  by  evidence  of  a  positive  nature,  derived  from  obser- 
vations on  the  physical  constitution  of  the  Sun.  The  changes 
presented  by  that  body  when  viewed  in  a  telescope  can  only  be 
consistently  accounted  for  by  the  supposition  of  two  dissimilar 
envelopes  of  matter  suspended  in  a  transparent  atmosphere  at 
different  altitudes  above  its  surface'.''  Delisle  conjectured  that 
the  luminous  ring  might  be  occasioned  by  the  diffraction  of  the 
solar  rays  which  pass  near  the  Moon's  edge  ■.  Sir  David  Brewster 
has  shewn  that  this  theory,  though  ingenious,  is  not  tenable  ^ ;  so 
I  shall  not  refer  to  the  subject  further. 

The  earliest  historical  allusion  to  the  corona  is  made  by  Philo- 
stratus.  He  mentions  that  the  death  of  the  Emperor  Domitian  had 
been  'announced'  previously  by  a  total  eclipse  of  the  Sun.  "  In  the 
heavens  there  appeared  a  prodigy  of  this  nature.  A  certain  corona^ 
resembling  the  Iris,  surrounded  the  orb  of  the  Sim  and  obscured 
his  light";"  {i.e,  it  appeared  coincidently  with  the  total  obscuration 
of  his  light).  Plutarch  is  still  more  precise  in  his  allusion. 
Speaking    of   a    total  eclipse   of   the   Sun  which   had   recently 


P  Mim.  Acad,  des  Sciences,  1715,  p.  161  *  M6m.  Acad,  des  Sciences,  1715,  p.  166 

et  seq.  et  seq. 

4  Mem.  R.A.S.,  vol.  zvi.  p.  301  6<  seq.  ^  JSdin.  Encyc,  art.  Astronomy, 

'  Grant,  Hist.  Phys.  Asi.,  p.  389.  »   Vita  ApoUon.  Tyan. 
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happened^  he  endeavours  to  shew  why  the  darkness  arising  from 
such  phenomena  is  not  so  profound  as  that  of  night.  He  begins 
by  assuming^  as  the  basis  of  his  reasonings  that  the  Earth  greatiy 
exceeds  the  Moon  in  size^  and^  after  citing  some  authoritiesj  he 
goes  on  to  say : — ^^  Whence  it  happens  that  the  Earthy  on  account 
of  its  magnitude^  entirely  conceals  the  Sun  from  our  sight.  .  .  . 
But  even  although  the  Moon  should  at  any  time  Aide  the  whole  of 
the  Sun,  still  the  eclipse  is  deficient  in  diameter^  as  well  as  ampli- 
tude,  for  a  peculiar  effiilgence  is  seen  around  the  circumference^ 
which  does  not  allow  the  obscurity  to  become  very  intense  or 
complete.^^  ('AAAct  Trcpi^aiVcrai  ns  airyri  vcpl  r^v  Irvv,  ovk  i&<ra 
Pa0€iap  yCv€ad(u  Trjv  aKiitv  Kci  liKpaTop^.)  The  luminous  ring  seems 
to  have  been  noticed  by  Clavius  during  the  eclipse  of  April  9^ 
1567 :  he  thought  it  was  merely  the  uncovered  margin  of  the 
Sun's  disc ;  but  Kepler  shewed  that  this  was  impossible. 

There  are  one  or  two  well-authenticated  instances  of  the  corona 
being  visible  during  partial  eclipses  of  the  Sun.  In  1842^  M. 
D^Hombre  Firmas^  at  Alais^  which  was  contiguous  to^  though  not 
actually  in  the  path  of  the  shadow^  states  that,  ''every  one 
remarked  the  circle  of  pale  light  which  encompassed  the  Moon 
when  she  almost  covered  the  Sun^/'  Several  observers  of  this 
eclipse  noticed  that  the  ring  first  appeared  brightest  on  the  side  of 
the  solar  disc  which  was  first  covered  by  the  Moon,  but  that 
previously  to  the  close  of  the  total  phase^  it  was  brightest  at  the 
part  where  the  Sun  was  about  to  reappear*. 

Not  the  least  beautiful  phenomena  seen  during  a  total  solar 
eclipse  are  the  ''  Bed  Flames^''  which  become  visible  around  the 
margin  of  the  Moon's  disc  immediately  after  the  commencement  of 
the  total  phase.  Mr.  Dawes^  who  saw  them  in  July  1851^  has  so 
minutely  described  them^  that  I  cannot  do  better  than  quote  his 
remarks  in  his  own  words.     He  says : — 

"  Throughout  the  whole  of  the  quadrant  from  north  to  eait  there  wae  no  visible 
protuberance,  the  corona  being  uniform  and  uninterrupted.  Between  the  east  and 
south  points,  and  at  an  angle  of  about  115°  from  the  north  point,  aj^peared  a  large 
red  prominence  of  a  very  regular  conical  form.    When  first  seen  it  might  be  aboat 

<  Plut.,  Opera  Mot.  U  Phil.,  voIAt.  p.  68a.  f  Annnaire,  1846,  p.  339. 

*  Mem.  R.A.S.,  vol.  zv.  p.  16. 
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i}'  m  altitade  from  the  edge  of  the  Moon,  but  its  leng^  diminiBhed  as  the  Moon 
advanoed. 

"  The  position  of  this  protuberance  may  be  inaccurate  to  a  few  degrees,  being 
more  hastily  noticed  than  the  others.  It  was  of  a  deep  rose  colour,  and  rather  paler 
near  the  middle  than  at  the  edges. 

"  Proceeding  southward,  at  about  145°  from  the  north  point,  commenced  a  low 
ridge  of  red  prominences,  resembling  in  outline  the  tops  of  a  very  irregular  range  of 
hills.  The  highest  of  these  probably  did  not  exceed  40''.  This  ridge  extended 
through  50"  or  55",  and  reached,  therefore,  to  about  197**  from  the  north  pointy  its 
base  being  throughout  formed  by  the  sharply-defined  edge  of  the  Moon.  The 
irregularities  at  the  top  of  the  ridge  seemed  to  be  permanent,  but  they  certainly 
appeared  to  undulate  from  the  west  towards  the  east;  probably  an  atmospheric 
phenomenon,  as  the  wind  was  in  the  west. 

"  At  about  aao**  commenced  another  low  ridge  of  the  same  character,  and  extended 
to  about  350**,  less  elevated  than  the  other,  and  also  less  irregular  in  outline,  except 
that  at  about  325°  a  very  remarkable  protuberance  rose  from  it  to  an  altitude  of  i}', 
or  more.  The  tint  of  the  low  ridge  was  a  rather  pale  pink ;  the  colour  of  the  more 
.  elevated  prominence  was  decidedly  deeper,  and  its  brightness  much  more  vivid.  In 
form  it  resembled  a  do^^i  tmk,  the  convex  side  being  northwards,  and  the  concave  to 
the  south.  The  apex  was  somewhat  acute.  This  protuberance,  and  the  low  ridge 
connected  with  it,  were  observed  and  estimated  in  height  towards  the  end  of  the 
totality. 

*'  A  small  double-pointed  prominence  was  noticed  at  about  255**,  and  another  low 
one  with  a  broad  base  at  about  263°.  These  were  also  of  the  rose-coloured  tint,  but 
rather  paler  than  the  large  one  at  225°. 

"  Almost  directly  preceding,  or  at  270"*,  appeared  a  bluntly  triangular  pink  body, 
•utpended,  as  it  were,  in  the  corona.  This  was  separated  from  the  Moon's  edge  when 
first  seen,  and  the  separation  increased  as  the  Moon  advanced.  It  had  the  appearance 
of  a  large  conical  protuberance,  whose  base  was  hidden  by  some  intervening  soft  and 
ill-defined  substance,  like  the  upper  part  of  a  conical  mountain,  the  lower  portion  of 
which  was  obscured  by  clouds  or  thick  mist.  I  think  the  apex  of  this  object  must 
have  been  at  least  1'  in  altitude  from  the  Moon's  limb  when  first  seen,  and  more  than 
l}'  towards  the  end  of  total  obscuration.  Its  colour  was  pink,  and  I  thought  it  paler 
in  the  middle. 

**  To  the  north  of  this,  at  about  180*'  or  185**,  appeared  the  most  wonderful 
phenomenon  of  the  whole.  A  red  protuberance,  of  vivid  brightness  and  very  deep 
tint,  arose  to  a  height  o^  perhaps,  ij'  when  first  seen,  and  increased  in  length  to  2', 
or  more,  as  the  Moon's  progress  revealed  it  more  completely.  In  shape  it  somewhat 
resembled  a  TurhUh  cimeter,  the  northern  edge  being  convex,  and  the  southern 
concave.  Towards  the  apex  it  bent  suddenly  to  the  south,  or  upwards,  as  seen  in  the 
telescope.  Its  northern  edge  was  well  defined,  and  of  a  deeper  colour  than  the  rest, 
especially  towards  its  base.  I  should  call  it  a  rich  carmine.  The  southern  edge  was 
less  distinctly  defined,  and  decidedly  paler.  It  gave  me  the  impression  of  a  somewhat 
conical  protuberance,  partly  hidden  on  its  southern  side  by  some  intervening 
substance  of  a  soft  or  flocculent  character.  The  apex  of  this  protuberance  was  paler 
than  the  base,  and  of  a  purplish  tinge,  and  it  certainly  had  a  flickering  motion.  Its 
base  was,  from  first  to  last,  sharply  bounded  by  the  edge  of  the  Moon.  To  my  great 
astonishment,  this  marvellous  object  continued  visible  for  about  5  seconds,  as  nearly  as 
I  could  judge,  after  the  Sun  began  to  reappear,  which  took  place  many  degrees  to  the 
south  of  the  situation  it  occupied  on  the  Moon's  circumference.    It  then  rapidly  faded 
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awmy,  hut  U  did  not  vanith  imtantameouily.  From  iti  extnordiiiaiy  tisa,  oariom 
form,  deep  colour,  and  vivid  brightness,  this  protuberance  absorbed  much  of  my 
attention ;  and  I  am,  therefore,  unable  to  state  precisely  what  changes  ocourred  in  the 
other  phenomena  towards  the  end  of  the  total  obscuration. 

**  The  arc  from  about  iS^"*  to  the  north  point  was  entirely  free  from  prominences, 
and  also  from  any  roseate  tint.** 

It  is  difficult  satisfactorily  to  assign  any  cause  for  these  rose- 
coloured  emanations;  but  that  their  origin  is  to  be  referred  to 
the  Sun  rather  than  to  the  Moon  isj  however^  undoubted.  In 
the  present  state  of  our  knowledge  on  the  point  we  can  only 
suspect  that  they  are  of  a  gaseous  nature^  and  are^  in  some  manner 
or  other^  connected  with  the  Sun's  atmosphere  *. 

One  of  these  prominences^  measured  by  De  La  Bue  in  iS6o,  was 
44^000  miles  in  vertical  height  above  the  Sun's  surface. 

Julius  Firmicus,  speaking  of  the  eclipse  of  July  ly,  334^  makes 
a  remark  which  may  apply  to  this  phenomenon;  otherwise  the 
earliest  recorded  account  of  the  red  flames  is  by  Captain  Stannyan^ 
who  observed  them  at  Berne  during  the  total  eclipse  of  1706.  He 
writes  to  Flamsteed : — 

**  That  the  Sun  was  totally  darkened  there  for  4}  minutes  of  time ;  that  a  fixed 
star  and  a  planet  appeared  very  bright ;  and  that  his  getting  out  of  his  eeHpH  wob 
preceded  by  a  hlood-red  streak  of  light  from  its  left  limb,  which  eontUmed  not  longer 
than  6or  ^  seconds  of  time  ;  then  part  of  the  Sun's  disc  appeared  all  of  a  sudden,  as 
bright  as  Venus  was  ever  seen  in  the  night ;  nay,  brighter ;  and  in  that  rery  instant 
gave  a  light  and  shadow  to  things  as  strong  as  the  Moon  uses  to  do  ^.'* 

On  this  communication  Flamsteed  remarks : — 

**  The  Captain  is  the  first  man  I  ever  heard  of  that  took  notice  of  a  red  streak 
preceding  the  emersion  of  the  Sun's  body  fix>m  a  total  eclipse.  And  I  take  notice 
of  it  to  you  [the  Boyal  Society],  because  it  infers  that  the  Moon  has  an  atmosphere  ; 
and  its  short  continuance,  if  only  6  or  7  seconds'  time,  tells  us  that  its  height  was  not 
more  than  5  or  6  hundredths  part  of  her  diameter^.** 

The  red  flames  were  seen  by  Halley  and  Louville^  in  1715^  ^^^ 
afterwards  by  VasseniuSj  at  Gottenberg^  who  sajrs : — 

**  But  what  seemed  in  the  highest  degree  worthy,  not  merely  of  observatioii,  but 
also  of  the  attention  of  the  illustrious  Boyal  Society,  were  some  reddish  spots  which 
appeared  in  the  lunar  atmosphere  toithout  the  periphery  of  the  Moon*s  disc,  amounting 
to  3  or  4  in  number,  one  of  which  was  laiger  than  the  other,  and  occupied  a  situation 

*  See  Walker,    Essay   on   the   Sun.  ^  PhU,  Trans,,  vol.   zzv.    p.  9140. 

London,  i860.    An  able  dissertation  on  1706. 

this  question  will  be  found  in  Grant's  *  Ihid,,  p.  9^4i* 

History  of  Physieal  Astronomy,  p.  393  ^  Mem,  KA.S.,  vol.  sd.  p.  90b 
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about  midway  between  the  south  and  west.  These  spots  seemed  in  each  instance  to 
be  composed  of  3  smaller  parts  or  cloudy  patches  of  unequal  length,  having  a  certain 
degree  of  obliquity  to  the  periphery  of  the  Moon.  Having  directed  the  attention  of 
my  companion  to  the  phenomenon,  who  had  the  eyes  of  a  lynx,  I  drew  a  sketch  of  its 
aspect ;  but  while  he,  not  being  accustomed  to  the  use  of  the  telescope,  was  unable 
to  find  the  Moon,  I,  again  with  great  delight,  perceived  the  same  spot,  or,  if  yon 
choose,  rather  the  invariable  cloud  occupying  its  former  situation  in  the  atmosphere 
near  the  Moon's  periphery*." 

A  '^  red-flame '^  of  a  greenUh^bhe  tinge  has  been  noticed.  This 
coloration  Arago  considers  an  effect  of  contrast. 

The  red  flames  have  also  been  noticed  in  annular  edipses^  as  in 
that  of  1737^  observed  by  Maclaurin^  which  appears  to  be  the 
earliest  in  which  the  phenomenon  was  seen^^  and  in  partial  eclipses^ 
of  which  that  of  1605,  observed  by  Kepler,  is  probably  the  first «. 

The  aspect  presented  by  the  Moon  during  eclipses  of  the  Sun  is 
firequently  very  singular.  Kepler  has  stated  that  the  Moon's 
surface  is  occasionally  distinguishable  by  a  ruddy  hue  which  it 
possesses^.  Mr.  Baily^  in  his  account  of  the  annular  eclipse  of 
1836,  states,  that  "  previous  to  the  formation  of  the  ring,  the  face 
of  the  Moon  was  perfectly  black ;  but  on  looking  at  it  through  the 
telescope,  during  the  annulus,  the  circumference  was  tinged  with  a 
reddish  purple  colour,  which  extended  over  the  whole  disc,  but 
increased  in  density  of  colour,  according  to  the  proximity  to  the 
centre,  so  as  to  be  in  that  part  nearly  black  V  Vassenius  in 
1733  and  Ferrer  in  1806  are  the  only  observers  who  state  that 
they  have  seen  the  irregularities  in  the  Moon's  surface  during  a 
central  eclipse,  whether  total  or  annular  ^.  Arago  and  others  tried 
to  do  so  in  1842,  but  failed.  The  fact  that  the  lunar  inequalities 
sometimes  are  seen  and  at  other  times  are  not  seen  is  doubtless 
owing  to  meteorological  causes. 

In  184a  Arago  saw  the  dark  contour  of  the  Moon  projected 
upon  the  bright  sky  40™  after  the  commencement  of  the  eclipse. 
He  ascribes  the  phenomenon  to  the  projection  of  the  Moon  upon 
the  solar  atmosphere,  the  brightness  of  which,  by  an  effect  of 
contrast,  rendered  the  outline  of  the  Moon's  dark  limb  discernible  ^ 

•  Phil.   Trans.,   vol.   xzviii.    p.  135.          *  Menh.  R.A.S.,  vol.  x.  p.  17. 

1733.  ^  PhU.   Trans.,  vol.    xxxviii.   p.  135. 

'  Ibid.,  vol.  zl.  p.  181.     1737.  1733;  Trams,  Amer,  Phil.  80c.,  voL  vL 

'  De  SteUd  Novd,  p.  116.  p.  167. 

^  EpU.  Astron.,  p.  895.  *  AnnuairCf  1846,  p.  37a. 
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On  several  occasions  attempts  have  been  made  to  detect  the 
Moon's  shadow  in  the  course  of  its  passage  over  the  surface  of 
the  Earth.  Airy  in  185 1  succeeded  in  observing  it^  but  he  fiEuled 
in  1849^  in  which  year^  however^  Plana  and  Forbes  were  more 
fortunate.  The  difficulty  arises  &om  the  immense  velocity  of  the 
shadow^  30I-  miles  per  minute.  The  earliest  historical  record  of 
the  eclipse-ishadow  being  seen  occurs  in  Duiller's  account  of  the 
eclipse  of  May  la,  1706". 

According  to  M.  Laussedat^  one  of  the  horns  of  the  solar 
crescent  in  i860  appeared  for  a  short  time  rounded  and  truncated. 
The  other  horn  was  contracted  nearly  to  a  pointy  and  a  small 
patch  of  light  wholly  detached  was  visible  beyond  the  extremity 
of  this  cusp. 

"  Mlm*  Acad.  de»  Sciencet,  1706,  p.  113  (Hist);  PhU,  Tram,,  yoL  zxr.  p.  9343. 
1706. 
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CHAPTER    III. 

THE  TOTAL  ECLIPSE  OF  THE  SUN 

OF  JULY  28,  1851. 
ObtervoUioM  by  Airy, — By  Hind. — By  Lassell, 

/^NE  of  the  most  important  total  eclipses  of  the  Sun  that  have 
^-^  occurred  within  the  last  few  years  was  that  of  July  a8,  1851. 
Though  not  visible  in  England^  it  was  seen  to  great  advantage 
in  Sweden^  to  which  country  astronomers  flocked  in  great  numbers. 
From  the  numerous  observations  that  were  made  and  subsequently 
published^  I  select  some  extracts  which  will  doubtless  interest 
the  reader.  The  following  remarks  are  from  the  pen  of  Mr. 
G.  B.  Airy,  the  Astronomer  Royal,  who  observed  the  eclipse  at 
Gottenberg : — 

"  The  approach  of  the  totality  was  accompanied  with  that  indescribably  mysterious 
and  gloomy  appearance  of  the  whole  surrounding  prospect,  which  I  have  seen  on  a 
former  occasion.  A  patch  of  clear  blue  sky  in  the  zenith  became  purple-black  while 
I  was  gazing  on  it.  J  took  off  the  higher  power  with  which  I  had  scrutinized  the 
Sun,  and  put  on  the  lowest  power  (magnifying  about  34  times).  With  this  I  saw 
the  mountains  on  the  Moon  perfectly  well.  I  watched  carefully  the  approach  of  the 
Moon*s  limb  to  that  of  the  Sun,  which  my  graduated  dark  glass  enabled  me  to  see  in 
great  perfection :  I  saw  both  limbs  perfectly  well  defined  to  the  last,  and  saw  the  line 
becoming  narrower,  and  the  curves  becoming  sharper,  without  any  distortion  or 
prolongation  of  the  limbs.  I  saw  the  Moon*s  serrated  limb  advance  up  to  the  Sun*s, 
and  the  light  of  the  Sun  glimmering  through  the  hollows  between  the  mountain 
peaks,  and  saw  these  glimmering  spots  extinguished  one  after  another  in  extremely 
rapid  succession,  but  without  any  of  the  appearances  which  Mr.  Baily  has  described. 
.  .  .  .  I  have  no  means  of  ascertaining  whether  the  darkness  really  was  greater 
in  the  eclipse  of  184a.  I  am  inclined  to  think,  that  in  the  wonderful,  and  I  may  say 
appalling  obscurity,  I  saw  the  grey  granite  hills,  within  sight  of  Hvalas,  more  dis- 
tinctly than  the  darker  country  surrounding  the  Superga.  But  whether,  because  in 
1 85 1  the  sky  was  much  less  clouded  than  in  1841  (so  that  the  transition  was  firom 
a  more  luminous  state  of  sky,  to  a  darkness  nearly  equal  in  both  cases),  or  from 
whatever  cause,  the  suddenness  of  the  darkness  in  185 1  appeared  to  be  much  more 
striking  than  in  1841.  My  friends,  who  were  on  the  upper  rock,  to  which  the  path 
was  very  good,  had  great  difficulty  in  descending.     A  candle  had  been  lighted  in  a 
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lantern,  about  a  quarter  of  an  hour  before  the  totality ;  Mr.  Hasaelgren  wai  unable 
to  read  the  minutes  of  the  chronometer's  face  without  haying  the  lantern  held  close 
to  the  chronometer. 

"  The  corona  was  fiu*  broader  than  that  which  I  nw  in  1843  ;  roughly  speaking, 
its  breadth  was  a  little  less  than  the  Moon's  diameter,  but  its  outline  was  Yeiy 
irregular.  I  did  not  remark  any  beams  projecting  from  it  which  deserved  notice  aa 
much  more  conspicuous  than  the  others;  but  the  whole  was  beamy,  radiated  in 
structure^  and  terminated  (though  very  indefinitely)  in  a  way  which  reminded  me  of 
the  ornament  frequently  placed  round  a  mariner's  oompass.  Its  colour  was  white, 
and  resembling  that  of  Venus.  I  saw  no  flickering  or  unsteadiness  of  light.  It  was 
not  separated  from  the  Moon  by  any  dark  ring,  nor  had  it  any  annular  structure :  it 
looked  like  a  radiating  luminous  cloud  behind  the  Moon.  •  .  •  The  form  of  the 
prominences  was  most  remarkable.  One  reminded  me  of  a  boomerang.  Its  colour, 
for  at  least  two-thirds  of  its  width,  from  the  convexity  to  the  concavity,  was  full  lake 
red ;  the  remainder  was  nearly  white.  The  most  brilliant  part  of  it  was  the  swell 
farthest  from  the  Moon's  limb ;  this  was  distinctly  seen  by  my  friends  and  myself 
with  the  naked  eye.  I  did  not  measure  its  height ;  but  judging  generally  by  its 
proportion  to  the  Moon's  diameter,  it  must  have  been  3'.  This  estimation,  perhaps, 
belongs  to  a  later  period  of  the  eclipse.  ...  It  was  impossible  to  see  the  changes 
that  took  place  in  the  prominences,  without  feeling  the  conviction  that  they  belonged 
to  the  Sun,  and  not  to  the  Moon. 

**  I  again  looked  round,  when  I  saw  a  scene  of  unexpected  beauty.  The  southern 
part  of  the  sky,  as  I  have  said,  was  covered  with  uniform  white  cloud ;  but  in  the 
northern  part  were  detached  clouds,  upon  a  ground  of  dear  sky.  This  dear  sky  was 
now  strongly  illuminated  to  the  height  of  30°  or  35^  and  through  almost  90**  of 
azimuth,  with  rosy  red  light  shining  through  the  intervals  between  the  donds. 
I  went  to  the  telescope,  with  the  hope  that  I  might  be  able  to  make  the  polariza- 
tion-observation (which,  as  my  apparatus  was  ready  to  my  grasp,  might  have  been 
done  in  3  or  4  seconds),  when  I  saw  the  sierra,  or  rugged  line  of  projections,  had 
arisen.  This  sierra  was  more  brilliant  than  the  other  prominences,  and  its  colour 
was  nearly  scarlet.  The  other  prominences  had  perhaps  increased  in  height,  but  no 
additional  new  ones  had  arisen.  The  appearance  of  this  sierra,  nearly  in  the  place 
where  I  expected  the  appearance  of  the  Sun,  warned  me  that  I  ought  not  now  to 
attempt  any  other  physical  observation.  In  a  short  time  the  white  Sun  bunt  forth, 
and  the  corona,  and  every  other  prominence,  vanished. 

*'  I  withdrew  from  the  telescope,  and  looked  round.  The  country  seemed,  though 
rapidly,  yet  half  imwillingly,  to  be  recovering  its  usual  cheerfrdness.  My  eye,  bow- 
ever,  was  caught  by  a  duskiness  in  the  south-east,  and  I  immediately  perceived  that 
it  was  the  eclipse-shadow  in  the  air,  travelling  away  in  the  direction  of  the  shadow's 
path.  For  at  least  6  seconds  this  shadow  remained  in  sight,  frur  more  conspicuous  to 
the  eye  than  I  had  anticipated  ^" 

Mr.  J.  B.  Hind  watched  the  eclipse  at  BsBvelsbeig^  near  Engel- 
holm.     He  says : — 

**  The  moment  the  Sun  went  out  the  corona  appeared ;  it  was  not  very  bright,  but 
this  might  arise  frt>m  the  interference  of  an  extremely  light  doud  of  the  cirrus  class, 

*  Mem.  R.A.S.,  vol.  xxi.  p.  8. 
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which  oyenpread  the  San  at  the  time.  The  oorona  was  of  the  oolour  of 
silver,  and  its  light  seemed  to  flnctoate  oonsiderablj,  though  without  any  appeaianoe 
of  revolying.  Bays  of  light,  the  aigreUea,  diverged  from  the  Moon's  limb  in  every 
direction,  and  appeared  to  be  shining  through  the  light  of  the  oorona.  In  the  tele- 
scope many  rose-coloured  flames  were. noticed;  one,  far  more  remarkable  than  the 
rest,  on  the  western  limb,  could  be  distingmshed  without  any  telescopic  aid ;  it  was 
curved  near  its  extremity,  and  continued  in  view  4  ieeandi  after  the  Sun  had  die- 
appeared^  L  e.,  after  the  extinction  of  *  Baily's  beads,'  which  phenomena  were  very 
conspicuous  in  tins  eclipee,  particularly  before  the  commencement  of  the  totality. 
In  this  case  they  were  clearly  to  be  attributed  to  the  existence  of  many  mountains 
and  valleys  along  the  Moon's  edge,  the  Sun's  light  shining  through  the  valleys  and 
between  the  mountain  ridges,  so  as  to  produce  the  appearance  of  luminous  drops  or 
beads,  which  continued  visible  some  seconds.  The  colour  of  the  *  flames'  was  a  full 
rose  red  at  the  borders,  gradually  fading  off,  towards  the  centres,  to  a  very  pale 
pink.  Along  the  southern  limb  of  the  Moon,  for  40^  or  upwards,  there  was  a 
constant  succession  of  very  minute  rose-coloured  prominences,  which  appeared 
to  be  in  a  state  of  undulation,  though  without  undergoing  any  material  change  of 
form.  An  extremely  fine  line,  of  a  violet  colour,  separated  these  prominences 
from  the  dark  limb  of  the  Moon.  The  eoxhoe  of  our  satellite,  during  the  total 
eclipse,  was  purplish  in  the  telescope ;  to  the  naked  eye  it  was  by  no  means  very 
dark,  but  seemed  to  be  faintly  illuminated  by  a  purplish  grey  light  of  unifoim 
intensity,  on  every  part  of  the  surfiu)e. 

"  The  aspect  of  nature  during  the  total  eclipse  was  grand  beyond  description.  A 
diminution  of  light  over  the  Earth  was  perceptible  a  quarter  of  an  hour  after  the 
beginning  of  the  eclipse ;  and  about  ten  minutes  before  the  extinction  of  the  Sun,  the 
gloom  increased  very  perceptibly.  The  distant  hills  looked  dull  and  misty,  and  the 
sea  assumed  a  dusky  appearance,  like  that  it  presents  during  rain ;  the  daylight  that 
remained  bad  a  yellowish  tinge,  and  the  azure  blue  of  the  sky  deepened  to  a  purplish 
violet  hue,  particularly  towards  the  north.  But  notwithstanding  these  gradual 
changes,  the  observer  could  hardly  be  prepared  for  the  wonderful  spectacle  that 
presented  itself,  when  he  withdrew  his  eye  from  the  telescope,  after  the  totality  had 
come  on,  to  gaze  around  him  for  a  few  seconds.  The  southern  heavens  were  then  of 
a  uniform  purple-grey  colour,  the  only  indications  of  the  Sun's  position  being  the 
luminous  corona,  the  light  of  which  contrasted  strikingly  with  that  of  the  surrounding 
sky.  In  the  zenith  and  north  of  it,  the  heavens  were  of  a  purplish-violet,  and 
appeared  very  near ;  while  in  the  north-west  and  north-east,  broad  bands  of  yellowish 
crimson  light,  intensely  bright,  produced  an  effect  which  no  person  who  witnessed  it 
can  ever  forget.  The  crimson  appeared  to  run  over  large  portions  of  the  sky  in  these 
directions,  irrespective  of  the  clouds.  At  higher  altitudes  the  predominant  oolour 
was  purple.  All  nature  seemed  to  be  overshadowed  by  an  unnatural  gloom.  The 
distant  hills  were  hardly  visible,  the  sea  turned  lurid  red,  and  persons  standing  near 
the  observer  had  a  pale  livid  look,  calculated  to  produce  the  most  painful  sensations. 
The  darkness,  if  it  can  be  so  termed,  had  no  resemblance  to  that  of  night.  At 
various  places  within  the  shadow,  the  planets  Venus,  Mercury,  and  Mars,  and  the 
brighter  stars  of  the  first  magnitude,  were  plainly  seen  during  the  total  eclipse. 
Venus  was  distinctly  seen  at  Copenhagen,  though  the  eclipse  was  only  partial  in  that 
city  ;  and  at  Dantzic  she  continued  in  view  10  minutes  after  the  Sun  had  reappeared. 
Animals  were  firequently  much  affected.  At  Engelholm,  a  calf  which  commenced 
lowing  violently  as  the  gloom  deepened,  and  lay  down  before  the  totality  had 
commenced,  went  on  feeding  quietiy  enough  very  soon  after  the  return  of  daylight. 
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Cooks  crowed  at  ESsinboig,  though  the  Sun  was  only  hidden  there  30  aeoonds,  and 
the  birds  sought  their  restmg-plaoesy  as  if  night  had  oome  on  V* 

Mr.  W.  Lassell^  who  was  stationed  near  the  Trollhatten  Eallsj 
thus  describes  the  total  obscuration : — 

**  I  may  attempt,  but  I  cannot  accomplish,  an  adequate  description  of  the  maireUous 
appearances,  and  their  effect  upon  the  mind,  which  were  crowded  into  this  small 
vptyoe  of  3^  minutes, — an  interval  which  seemed  to  fly  as  if  it  were  composed  of 
seconds  and  not  of  minutes  !  Perhaps  a  naked-eye  observer  would  more  folly  gnmp 
the  awful  effect  of  the  sudden  extinguishment  of  light, — ^the  most  overpowering  of 
these  appearances, — for,  my  eye  being  directed  through  the  telescope,  I  must  have 
been  less,  though  sufficiently,  struck  with  the  unprecedented  sensation  of  such 
instantaneous  gloom.  The  amount  of  darkness  may  be  appreciated  from  the  hot 
that,  on  withdrawing  my  eye  from  the  telescope,  I  could  neither  see  the  seoond  hands 
of  my  watch,  nor  the  paper  sufficiently  to  write  the  time  down ;  and  was  only  able 
to  do  so  by  going  to  the  candle,  which  I  had  by  me  burning  on  the  table.  Probably 
the  suddenness  of  the  gloom,  not  giving  time  for  the  expansion  of  the  pupil  of  the 
eye,  increased  the  sensation  of  apparent  darkness ;  as  I  was  obliged  to  repair  dose  to 
the  candle  for  the  requisite  light.  After  registering  the  time,  I  looked  out  for  a  few 
minutes  with  the  naked  eye  over  the  landscape,  north  and  south.  The  north  was 
clear,  and  the  line  of  horizon  could  be  distinctly  seen.  The  Sun,  covered  by  the 
Moon,  looking  like  a  blue  patch  in  the  sky,  had  now  the  corona  very  symmetrically 
formed  around  it ;  but  the  Moon  appeared  to  my  unassisted  eye  to  be  not  Ywy  round 
or  smooth  at  its  edge, — more  as  if  one  had  rudely  cut  out  with  a  knifo  on  a  board  a 
circular  disc  of  card, — ^the  edges  somewhat  jagged  and  irregular  in  outline. 

**  The  corona  itself  was  perfectly  concentric  and  radiating,  some  of  the  rays 
appearing  in  some  parts  of  the  circumference  a  UUU  longer  than  in  others ;  but  the 
inequality  was  not  great.  I  am  unable  to  say  whether  the  corona  wheafint  found 
was  at  all  eccentric,  for,  as  it  is  evident  that  any  one  observing  with  a  telescope  up  to 
the  moment  of  obscuration  must  have  time  to  take  off  the  dark  glass  before  the 
oorona  can  be  seen,  and  as  I  had  also  to  note  the  time,  the  centres  of  the  Sun  and 
Moon  must  have  been  pretty  closely  approximating  before  I  again  applied  the  eye  to 
the  telescope.  It  was  indeed  a  great  exercise  of  self-denial  to  spare  the  time  from 
the  exciting  phenomena,  which  was  necessary  for  accurately  recording  the  duration 
of  total  darkness ;  but  being  inclined  to  think  such  record  would  be  disregarded  by 
many  observers,  I  took  my  resolution  to  secure  it.** 

The  writer  then  proceeds  to  say  that  Venus  was  the  only  object 
visible  to  the  naked  eye.  The  corona  he  describes  as  ''  brilliant/' 
and  he  considers  that  it  afforded^  speaking  roughly^  as  much  light 
as  the  Moon  usually  does  when  at  its  full. 

"  I  had  intended  to  direct  my  attention  pointedly  to  the  detection  of  the  'Bed 
Flames,'  which  I  had  heard  described  as  but  foint  phenomena.  My  surprise  and 
astonishment  may  therefore  be  well  imagined  when  the  view  presented  itself 
instantly  to  my  eye  as  I  am  about  to  describe,  or  rather  to  attempt  to  give  a 
notion  of. 

*>  Sol,  Sjftt,,  p.  71. 
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"  In  the  middle  of  the  field  was  the  body  of  the  Moon,  rendered  yiBible  enough  by 
the  light  of  the  oorona  around,  attended  by  the  apparent  projectionB  from  behind  the 
Moon  of  which  I  have  attempted  to  sketch  the  positionB.  The  e£foct  upon  my  own 
mind  of  the  awfhl  grandeur  of  the  spectacle  I  feel  I  cannot  folly  oommunioate.  The 
prominences  were  of  the  most  brilliant  lake  oolour, — a  splendid  pink,  quite  defined 
and  hard.  They  appeared  to  me  to  be  not  quiescent ;  but  the  Moon  passing  over 
them,  and  therefore  exhibiting  them  in  different  phase,  might  oonyey  an  idea  of 
motion.  They  are  evidently  to  my  senses  belonging  to  the  Sun  and  not  at  all  to  the 
Moon ;  for,  especially  on  the  western  side  of  the  Sun,  I  observed  that  the  Moon 
passed  over  them,  revealing  successive  portions  of  them  as  it  advanced.  In  oonfonnity 
with  this  observation  also,  I  observed  only  the  summit  of  one,  on  the  eastern  side, 
though  my  friends  observing  in  adjoining  rooms,  had  seen  at  least  two :  the  time 
occupied  by  my  noticing  the  time  and  observing  with  the  naked  eye  not  having 
allowed  me  to  repair  again  to  the  telescope  until  the  Moon  had  covered  one,  and 
three-iburths  of  the  other.  The  point  of  the  Sun's  limit  where  the  principal  *  flame ' 
speared  was  (I  judged)  a  few  degrees  south  of  the  place  where  the  cluster  of  spots 
was  situated)  and  the  flame  which  I  observed  on  the  eastern  limb  was  almost  exactly 
where  the  eastern  spot  was  situated.  As,  however,  some  prominences  appeared 
adjacent  to  parts  of  the  Sun's  limit  not  usually  traversed  by  spots,  the  attempt  to 
trace  a  connexion  fiuls.    The  first  burst  of  light  from  the  emeigent  Sun  was  exactly 

in  the  place  of  the  chief  western  flame,  which  it  instantly  extinguished 

From  the  varying  lengths  of  the  red  flames  it  is  difficult  to  give  an  accurate  estima- 
tion  of  their  magnitude ;  but  the  extreme  length  of  the  largest,  on  the  western  limb, 
may  have  been  about  7^'.  This  estimation  is  rather  rude,  as  I  was  so  absorbed 
in  contemplating  their  general  phenomena  that  I  had  not  time  for  exact  measure- 
ment*." 

«  Mem,  BA.S.,  voL  xxi.  p.  47. 
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CHAPTER   IV. 


THE   ANNULAR   ECLIPSE   OF   THE    SUN 
OF  HABCH  11-10.  1S6S. 


Fig.  7*. 


Siamnary  o/  obtenatiimt  in  Bnglaad. 

f\P  the  diSerent  eclipses  which  have  from  time  to  time  heen 
^-^  visible  in  England,  few  have  attracted  such  interest  and  at- 
tention among  all  classes  of  society  as  that  of  March  14-151  1858. 
Though  bad  weather  in  most  cases  interrupted  or  altogether 
prevented  observationB,  yet  many  instmctive  features  were  noticed, 
and  therefore  I  think  that  no 
apology  b  dae  for  devoting  a 
chapter  to  their  consideration. 

The  line  of  central  and  annukr 
eclipse  passed  across  England  &om 
Lyme  Regis,  in  Dorsetshire,  to  the 
Wash,  between  Linoolnshire  and 
Norfolk,  traversing  portions  of  the 
counties  of  Somersetshire,  Wilt- 
shire, Berkshire,  Oxfordshire,  and 
Nortiuunptonshire.  The  following 
summary  of  the  many  and  varioos 
observations  made,  drawn  ap  by 
Mr.  Glaisher,  will  not  fail  to  he  read  with  interest  :— 

"  From  returns  reosived  between  Brkemar  uid  tlie  Chuinel  IiUada,  from  30  to  40 
in  Domber,  it  is  shewn  tbat  tlie  depreawon  af  tempermture  during  tbeedipiewu  about 
1  j°  ftt  Etationg  north  of  the  line,  and  neuly  3°  at  Btationa  on  and  Miuth  of  the  Hna 
nf  oentrsi  eclipse  ;  that  at  pUcea  vbera  the  usnol  diurool  inoreue  bad  taken  plaoe  in 
the  morning  the  depreeaion  of  temperature  during  the  eolipae  waa  greater :  and  that 
at  pUces  where  auch  increaie  had  not  token  pUce  itwaa  leu  than  the  above  nnmbara. 
Also  that  at  placea  where  the  sky  waa  nnifonnlj  cloud;  during  the  day  the  di 
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in  the  readings  of  a  black  bulb  thermometer  was  leas  than  19'',  while  at  plaoes  where 
the  sky  was  partially  clear  the  depresaon  was  firom  17°  to  ig'^,  and  that,  what 
temperatare  soever  the  black  bnlb  thennometer  indicated  in  the  morning,  it  fell 
daring  the  eclipse  to  that  of  the  temperatare  of  the  air  at  all  places. 

**  The  homiditj  of  the  air  was  such  that  at  places  north  of  the  line  the  wet  bolb 
thermometer  read  9*6^  less ;  and  on  and  near  the  line  the  depression  was  3*3%  and 
soath  of  it  was  5*7^  below  the  adjacent  dry  balb  thermometer. 

*'  At  some  places  the  homidity  of  the  air  increased  at  the  time  of  the  greatest 
eclipse,  bat  this  was  far  from  being  uniyersal. 

**  The  sky  was  partially  dear  at  some  jdaces  on  the  east  and  soath  coasts,  in  the 
Channel  Islands  and  north  of  Scotland,  and  it  was  for  the  most  part  overcast  elie- 
where.  Near  the  soathem  extremity  of  the  central  line  the  sky  was  partially  clear, 
and  at  its  northern  extremity  near  Peterborough  the  doads  were  brok^i ;  at  most 
intermediate  places  the  sky  was  wholly  overcast.  The  complete  ring  was  seen  at 
Charmonth,  and  neighbonrhood  near  Lyme  ItegiB,and  at  Peterborongh,  bat^  so  &r  as 
I  can  learn,  at  no  other  places.  My  own  station  was  on  the  calcalated  line  of  central 
eclipse,  near  Onndle,  in  Northamptonshire,  and  here  I  saw  the  Moon  and  San*8 
apparent  apper  limb  coincident^  or  very  nearly  so,  and  therefore  that  I  was  situated 
on  or  very  near  the  northern  limit  of  annularity,  but  distant  from  the  centre  line  by 
3  or  4  miles. 

"  It  is  very  much  to  be  regretted  that  the  unfavourable  weather  precluded  the 
witnessing  the  very  beautiful  attendant  phenomena  upon  large  solar  edipses.  The 
time  of  year  was  unfavourable  to  all  optical  effects — whether  of  light  and  shade  or 
colour,  independently  of  the  particular  diaracter  of  the  day,  which  was  more  fi^tal 
still  to  their  exhibition,  for  even  where  the  Sun  was  visible  their  presence  was  only 
feebly  indicated  at  a  few  parts  of  the  country. 

"  At  Oundle  the  weather  for  some  time  previous  to  the  commencement  of  the 
eclipse  was  raw  and  ungenial  for  the  time  of  year.  The  wind  was  gusty  and  the  sky 
overcast,  chiefly  with  cirro-stratus,  and  dark  scud  hurrying  past  the  Sun's  place  from 
the  north-west,  the  douds  occasionally  giving  way  and  allowing  the  Sun  to  be  visible 
by  glimpses.  Shortly  after  x  o*clock  the  sky  became  unifonnly  overcast,  and  a  small 
steady  rain  set  in  for  a  considerable  time. 

"  It  was  long  before  any  sensible  diminution  of  light  took  place.  At  la*^  $g^  a 
gloom  was  for  the  first  time  perceptible  to  the  north,  and  the  crescent  of  the  Sun 
shone  out  with  a  bright  white  light  between  breaks.  At  c^  43™  the  gloom  was  general, 
excepting  around  the  Sun,  which  appeared  the  centre  of  a  circle  of  light,  and 
illuminated  with  fine  effect  some  bold  irregular  masses  of  cumulus  in  its  vicinity.  At 
o^  45™  the  gloom  increased,  slight  rain  fell,  and  the  wind  rose,  birds  were  heard 
chirping  and  calling.  At  c^'  53™  a  severe  storm  might  have  been  supposed  impending, 
and  numerous  birds  were  flying  homewards.  The  deepening  of  the  gloom  was  gradual 
but  very  slow,  and  between  i^  and  x^  i™  was  at  its  greatest  intensity ;  but  even  at 
this  time  the  obscurity  was  not  suffident  to  require  that  any  employment  should  be 
suspended.  Messrs.  Adams  and  Symons,  situated  five  feet  from  a  shed  in  an 
adjoining  brick-fidd,  spoke  of  the  gloom  as  very  intense  for  a  period  of  10  seconds, 
and  suffident  to  render  it  difficult  to  take  the  readings  of  the  thermometer.  A  body 
of  rooks  rose  from  the  ground  at  this  moment,  and  flew  homewards ;  a  flock  of 
starlings  rose  together,  and  various  small  birds  flew  wildly  about ;  a  hare  was  seen  to 
run  across  a  neighbouring  fidd,  as  though  it  were  daybreak ;  straw  rustled,  and  the 
sQence  was  peculiar  and  intense.  The  darkness  and  lull  was  that  of  an  approaching 
thunder-storm.     Directly  after  the  greatest  intensity  the  gloom  was  sensibly  and 
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imitantaiieoaaly  diminished,  and  the  day  was  speedily  restored  to  its  ordinaiy 
ai^Marance. 

**  After  o^  5on  the  lark  ceased  to  rise,  and  did  not  sing ;  at  i^  io>>  it  rose  again. 
The  collected  infonnation  tends  to  shew  that  birds  and  animals,  but  partionlariy  the 
former,  were  affected  in  some  degree  in  most  places ;  and  that  it  is  probable  to 
snppoee  the  gloom  was  referred  by  them  to  the  approach  of  evening,  and  this  not  so 
mach  fix)m  the  fact  of  the  gloom  as  from  the  manner  of  its  approach,  without  the 
accompanying  signs  of  atmospheric  distmbance  which  usher  in  a  storm,  and  to  which 
birds  and  animals  are  keenly  sensitive. 

"  All  over  the  country  rooks  seem  to  have  returned  to  their  rookeries  during  the 
greatest  obscuration  ;  starlings  were  seen  in  many  places  taking  flight,  whole  flocks 
of  them  together.  At  Oxferd  Dr.  Collingwood  remarked  that  a  thrush  oommenoed 
its  evening  song.  At  Grantham  pigeons  returned  to  their  cote.  At  Ventnor  Dr. 
Martin  notes  the  feet  that  a  fish  confined  in  an  aquarium,  and  ordinarily  visible  at 
evening  only,  was  in  full  activity  about  the  time  of  the  greatest  gloom.  In  Greenwich 
Park  the  birds  were  hushed  and  flew  low  firom  bush  to  bush,  and  at  nearly  all  places 
the  song  of  many  birds  was  suspended  during  the  darkness.  At  Oampden  Hill  it  was 
observed  that  the  crocus  closed  about  the  same  time,  and  at  Teignmonth  that  its 
colour  changed  to  that  of  the  pink  hepatica. 

"  Hie  darkness  was  not  sufficient  at  any  place  to  prevent  moderate-siaed  print 
being  read  at  any  convenient  distance  firom  the  eye  out  of  doors,  but  a  difficulty  was 
sometimes  experienced  in  reading  the  instruments.  At  Grantham  the  darkness  is 
described  to  have  been  about  equal  to  the  usual  amount  of  light  an  hour  before 
sunrise  ;  near  Oxford  as  about  equal  to  that  just  after  sunset  on  a  cloudy  day.  The 
general  impression  communicated  was  that  of  an  approaching  thunder-storm.  The 
sudden  clearing  up  of  the  gloom  after  the  greatest  phase  was  likened  by  more  than 
one  observer  to  the  gradual,  but  somewhat  rapid  withdrawal  of  a  curtain  firom  the 
window  of  a  darkened  room.  The  darkness  is  described  to  have  been  generally 
attended  by  a  sensation  of  chilliness  and  moisture  in  the  air.  At  Oxford  the  clouds 
surrounding  the  Sun  were  beautifully  tinted  with  red,  which  meiged  into  purple  as 
the  obscuration  increased.  At  Grantham  as  the  eclipse  prog^ressed  the  light  became 
of  a  decided  grey  cast,  similar  to  that  of  early  morning,  but  at  the  time  of  the 
greatest  gloom  it  had  a  strong  yellow  tinge.  At  Teignmouth  the  diminution  of  light 
was  very  great ;  the  sombre  tints  of  the  clouds  became  much  deepened,  and  the 
remaining  light  thrown  over  the  landscape  was  lurid  and  unnatural.  At  Ghreenwich 
the  appearance  of  the  landscape  changed  from  a  dull  white  to  a  leaden,  and  then  to  a 
slate-coloured  hue  ;  and  as  the  darkness  increased  it  had  much  the  appearance  of  a 
November  fog  closing  in  on  all  sides.  At  Wakefield  the  tints  of  the  douds  changed 
from  the  grey  slate  colour  of  clouds  in  a  storm,  and  became  of  a  purple  hue.  At 
Oundle,  my  own  station,  the  clouds  were  one  uniform  leaden  grey  or  slate  colour,  and 
quite  in  accordance  with  the  general  character  of  the  day,  nor  could  I  perceive  that 
the  clouds  appeared  lower,  or,  in  fact,  that  there  was  any  very  noticeaUe  departure 
firom  the  gloom  we  constantly  experience  during  dull  winter  weather.  Throughout 
the  eclipse  it  occurred  to  me  that  the  illuminating  power  of  the  Sun  was  much  more 
than  might  have  been  supposed  commensurate  with  the  unobscured  portion  of  the 
diBc.  When  casual  breaks  permitted  it  to  be  visible  the  illuminated  crescent  up  to 
the  time  of  the  greatest  phase  emitted  beams  of  considerable  brilliancy,  which  marked 
out  a  luminous  track  in  the  gloom,  and  were  deariy  and  well  defined  in  extent  and 
figure.  As  the  edipse  proceeded  a  decided  change  was  to  to  be  observed  in  the 
colour  of  the  Sun  itself,  which  became  of  a  pure  silvery  brightness,  like  that  of  Venoa 
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alter  inferior  oonjimction  with  the  Sun.  The  abaenoe  of  all  colour  in  the  light  was 
remarkable,  and  at  the  time  when  the  annulus  was  nearly  formed  it  appeared  like  a 
line  of  nlver  wire.  The  departure  from  the  usual  amount  of  light  we  are  aooustomed 
to  receive  on  an  ordinary  dull  day  during  the  greater  part  of  the  eclipse  was  so 
inconsiderable,  that  we  might  infer  approximately  the  real  amount  of  Sun  our  average 
daylight  under  a  cloudy  sky  is  equivalent  to. 

"  As  a  photometric  test  during  the  eclipse,  strips  of  photographic  paper  were 
exposed  for  equal  intervals  of  time  every  5  minutes.  The  result  was  a  scale  of  tints 
which  exhibited  clearly  the  dimimshing  intensity  of  the  light  up  to  the  period  of 
greatest  obscuration,  and  the  rapid  increase  beyond.  The  range  of  tints  is  low,  owing 
to  the  doudy  state  of  the  sky,  but  this  does  not  interfere  with  the  proportionate 
depths  of  tint ;  the  time  of  greatest  darkness  is  distinctly  shewn  by  the  very  feeble 
discoloration  of  the  paper.  The  instruments  used  at  Oundle  were  made  specially 
for  those  observations,  and  were  of  a  very  delicate  and  accurate  construction  ;  the 
meteorological  observations  were  made  by  Messrs.  Adams  and  Symons. 

"  In  conclusion,  I  beg  sincerely  to  thank  those  gentlemen  whose  returns  have  sup- 
plied the  data  for  this  investigation,  of  which  we  may  say,  literally  as  well  as 
figuratively,  that  it  exhibits  only  the  faint  outline  of  &cts  dimly  visible  through  a 
screen  of  clouds.  I  think,  however,  it  is  reasonable  to  infer  that  the  great  paucity  of 
effects  and  general  phenomena  witnessed  even  in  places  where  the  Sun  was  visible,  is 
due  to  the  conditions  of  the  atmosphere,  attributable  alike  to  climate,  time  of  year, 
and  unfiftvourable  weather,  and  should  by  no  means  lessen  our  confidence  in  previous 
accounts  of  the  grandeur  and  beauty  of  the  attendant  phenomena  upon  solar  eclipses. 
Optical  phenomena,  we  all  know,  are  dependent  upon  the  medium  through  which  we 
view  them  for  the  nature  and  power  of  the  effects  produced.** 
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CHAPTER   V. 

THE   TOTAL   ECLIPSE   OF   THE  SUN 

OF  JULY  18,  1860. 


Exiracti  fircm  the  ob$ervaHon$  of  the  A§6ronamer  Bojfol — O6f€r0o<joii«  if  tJU  Red 
Flamm  5y  Bruhni,'^Meieorologieal  cinervaHtmi  ly  Lowe, 

i\P  the  total  eclipses  which  have  of  late  years  been  systematically 
^^  observed^  that  of  July  i8^  i86o^  is  by  far  the  most  interesting 
and  important :  it  owes  its  interest  to  the  agreeable  circumstances 
connected  with  it  %  and  its  importance  to  the  very  eztensiye  and 
refined  observations  which  were  made  by  many  astronomers  in 
Europe^  Africa^  and  America. 

The  Astronomer  Boyal^  accompanied  by  three  members  of  his 
family^  stationed  himself  at  the  village  of  Fobes^  in  the  north 
of  Spain.     From  his  memoir^  I  make  the  following  extracts : — 

**  On  the  progress  of  the  eclipse  I  have  nothing  to  remark,  except  that  I  thought 
the  singular  darkening  of  the  landscape,  whose  character  is  peculiar  to  an  edipee, 
to  be  sadder  than  usual.  The  cause  of  this  peculiar  character  I  conceive  to  be  the 
diminution  of  light  in  the  higher  strata  of  the  air.  When  the  Sun  is  heavily  douded, 
still  the  upper  atmosphere  is  brilliantly  illuminated,  and  the  diffbted  light  which 
comes  from  it  is  agreeable  to  the  eye.  But  when  the  Sun  is  partially  edipeed,  tho 
illumination  of  the  atmosphere  for  many  miles  round  is  also  diminished,  and  th*  eye 
is  oppressed  by  the  absence  of  the  light  which  usually  comes  from  it. 

**  I  had  a  wax  candle  lighted  in  a  lantern,  as  I  have  had  at  preceding  total  ebUpget. 
Correcting  the  appreciations  of  my  eye  by  reference  to  this,  I  found  that  the  dark- 
ness of  the  approaching  totality  was  much  less  striking  than  in  the  eoUpsei  of  184a 
and  1851.  In  my  anxiety  to  lose  nothing  at  the  telescope  I  did  not  see  the  approaoh 
of  the  dark  shadow  through  the  air ;  but,  from  what  I  aftenvards  saw  of  its  retreat, 
I  am  sure  it  must  have  been  veiy  awful.'* 

After  describing  the  red  flames  %  he  says  :— 

"I  may  take  this  opportunity  of  stating,  that  the  colour  of  these  appeanooea  was 

*  It  is  to  the  celebrated  Himalaya  ex-  *  The  deecription  is  less  detailed  than 

pedition  to  Spain  that  allusion  is  here  that   given  by  some  of  the  other  ob- 

made.  servers,    and  therefore  I  pass  it   over. 

^  Month,  Not,  R.A.S.,  vol.  xxi.  p.  9  ft  Mr.  Airy  nowhere  makes  mention  of  any 

§eq.  **  Baily*8  beads." 


||ij 

<,FHtil-^ch.) 

(JruAM.J 

(B™A«.) 

B  TOTAIi  ECUFaS  OT  THE  SUIT  OF  JTTLT  18>  UeO. 
TUMoopio  VtBwa  or  ntm  Cokora  amd  Rkd  Tluom. 
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not  identical  with  that  which  I  saw  in  1844  and  1851.  The  qwdUy  of  the  colour 
was  precisely  the  same  (full  blush-red,  or  nearly  lake),  but  it  was  diluted  with  white, 
and  more  diluted  at  the  roots  of  the  prominences  close  to  the  Moon's  limb  than  in 
the  most  elevated  points. 

"About  the  middle  of  the  totality  I  ceased  for  awhile  my  measures,  in  order  to 
view  the  prospect  with  the  naked  eye.  The  general  light  appeared  to  me  much 
greater  than  in  the  eclipses  of  1841  and  1851  (one  cloudy,  the  other  hazy),  perhaps 
10  times  as  great ;  I  believe  I  could  have  read  a  chronometer  at  the  distance  of 
I  a  inches ;  nevertheless,  it  was  not  easy  to  walk  where  the  ground  was  in  the  least 
uneven,  and  much  attention  to  the  footing  was  necessary.  The  outlines  of  the  moun- 
tains were  clear,  but  all  distances  were  totally  lost ;  they  were  in  fitct  an  undivided 
mass  of  black  to  within  a  smsll  distance  of  the  spectator.  Above  these,  to  the  height 
perhaps  of  6''  or  8^  and  especially  remarkable  on  the  north  side,  was  a  brilliant 
yellow  or  orange  sky,  without  any  trace  of  the  lovely  blush  which  I  saw  in  1851. 
Higher  still,  the  sky  was  moderately  dark,  but  not  so  dark  as  in  former  eclipses. 
The  corona  gave  a  considerable  body,  but  I  did  not  remark  either  by  eye-view  or 
by  telescope-view  anything  annular  in  its  structure  ;  it  appeared  to  me  to  resemble, 
with  some  iixegularities  (as  I  stated  in  1851),  the  ornament  round  a  compass  card. 
But  the  thing  which  struck  me  most  was  the  great  brilliancy  of  Jupiter  and  Procyon 
so  near  the  Sun.  It  was  impossible  that  they  could  have  been  seen  at  all,  except 
under  the  circumstance  of  total  absence  of  illumination  on  that  part  of  the  atmosphere 
through  which  the  light  passed.  I  returned  to  my  measures,  but  I  was  soon  sur- 
prised by  the  appearance  of  the  scarlet  sierra,  announcing  the  approach  of  the  Sun's 
limb.  It  disappointed  me,  for  I  had  reckoned  on  a  much  longer  time.  All  our 
party  who  were  aware  of  the  predicted  duration  AiUy  believed  that  it  must  have  been 
very  erroneous.  How  the  time  passed  I  cannot  tell.  The  Sun  at  length  appeared, 
extinguishing  the  sierra,  but  the  prominence  and  cloud  remained  visible,  and  my  last 
measures  were  taken  after  reappearance.  The  prominences,  &c.  were  then  rapidly 
fitding,  and  I  quitted  the  telescope,  not  without  the  feeling  that  I  had  not  done  all 
that  I  had  intended  or  hoped  to  do. 

"  My  companions  saw  9  celestial  objects,  8  of  which  were  identified  by  means  of 
Mr.  Hind's  chart,  and  the  9^^  by  our  knowledge  of  its  position.  They  appeared  to 
be  (using  Mr.  Hind's  numbers  of  reference)  2  JUgulua,  3  Satwrn,  4  Mercury,  6  Pro- 
eyon,  7  JupUer,  8  Venus,  9  Pollux  or  ix  Castor  (not  quite  certain),  13  Capella  and 
Arctwnts.    Sirius  and  a  Orionis  were  hidden  by  douds." 

The  red  flames  were  seen,  and  described  by  many  of  the  ob- 
servers ;  of  the  accounts  which  have  come  under  my  notice,  that 
drawn  up  by  M.  Bruhns,  of  Leipsic,  seems  the  most  complete 
and  methodical  ^. 

He  says : — 

"  Just  before  the  totality,  there  was  visible,  on  the  western  border  of  the  Moon, 
only  one  protuberance  and  the  corona ;  but  as  the  last  rays  of  the  Sim  disappeared, 
more  protuberances  started  out  on  the  eastern  side,  and  the  corona  shone  forth  with 
an  intense  white  light,  so  lustrous  in  fact  as  to  dim  the  protuberances.  I  remarked 
that  I  saw  them  better  when  a  clear  red  glass  was  held  before  my  eye. 

-    *  Ast,  Nach,  No.  1393,  Jan.  12, 1861. 
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"During  the  totality  I  sketched  4  drawings,  and  also  measured  off  the  position- 
angles  of  the  different  protuberances,  counting  round  the  drole  finom  the  north  point 
through  the  east,  &c. 

"The  figure  marked  [Fig.  74,  PL  X.]  was  drawn  during  the  first  minute  of 
the  totality.  The  first  protuberance  is  the  one  already  mentioned ;  its  position-angle 
was  35**,  the  length  of  its  base  i }'  or  2',  and  its  height  about  the  same.  The  summit 
was  somewhat  curved,  of  an  intense  rose  oolour,  but  a  little  paler  at  the  apex. 

"  The  second  protuberance,  situated  at  60**,  was  completely  separated  from  the 
Moon,  there  being  between  them  an  interval  of  |'.  For  part  of  its  extent  it  was 
parallel  to  the  Moon's  border,  it  then  deviated  from  it,  and  ended  in  a  point.  Its 
length  was  ij'  or  3',  its  height  about  }',  and  of  a  rose  colour. 

**  The  third  protuberance,  having  a  position-angle  of  75°,  resembled  a  mountain, 
and  had  a  base  of  i}',  and  a  height  of  fully  |'.  Extending  onwards  for  50°  fix>m  this 
protuberance  was  a  narrow  fringe,  first  of  a  pale  red,  but  a  few  seconds  afterwards  it 
came  over  a  splendid  rose  colour,  and  of  a  height  of  about  }',  which  soon  narrowed 
as  the  Moon  passed  over  it,  until  at  length  it  was  quite  covered. 

"  A  fourth  protuberance  existed  at  155°;  its  base  was  not  more  than  {',  but  the 
height  was  as  much  as  I }'.  It  had  a  hooked  form  with  the  curve  trending  northwards, 
and  likewise  of  a  rose  colour. 

"  During  no  part  of  the  totality  were  there  any  protuberances  visible  in  the 
southern  part  of  the  Sun's  disc. 

''In  the  second  minute  the  above-described  protuberances  became  gradually 
smaller ;  with  the  exception  of  the  first,  which  retained  its  magnitude  and  figure 
almost  unchanged.  The  above-described  unattached  protuberance  [No.  1]  was 
reached  by  the  Moon,  and  became  gradually  covered.  By  the  end  of  the  second 
minute  the  fringe  was  entirely  covered,  and  at  this  juncture,  on  turning  to  examine 
the  western  border  of  the  Moon,  I  perceived  several  protuberances,  not  previously 
visible. 

"  The  protuberance  situated  at  a6o%  which  I  will  call  No.  5,  had,  at  the  beginning 
of  the  second  [third  ?]  minute,  only  a  base  of  |',  and  about  the  same  height,  the 
colour  being  rose. 

Between  370°  and  300*"  extended  a  second  streak  about  |'  in  height. 
A  sixth  protuberance  was  visible  at  310°,  having  a  base  of  2\  and  a  height  of  |^ 
Lastly,  I  found  at  340**  a  seventh  protuberance,  having  a  base  of  x',  and  a  height 
of  }',  and  of  a  rose  colour,  like  all  the  preceding. 

'*  On  directing  my  attention  to  the  first  protuberance  (the  one  at  35*^,  I  fimcied  it 
had  grown  considerably  larger.  The  sharp  edge,  first  seen,  had  disappeared,  and  for 
a  height  of  3'  or  4'  flaming  rays  could  be  discerned,  the  colour  (at  the  base  a  bright 
rose)  was,  at  the  top,  hardly  perceptible,  but  seemed  to  &de  off  and  become  merged 
in  the  corona. 

"After  I  had  observed  these  for  about  half  a  minute,  without  perceiving  any 
alteration,  I  quitted  the  telescope  to  observe  the  corona  and  the  sky  for  a  short  time 
with  the  naked  eye.  The  black-looking  Moon  was  surrounded  by  a  crown  of  dear 
light  of  unequal  breadth.  Below  [S.]  it  was  considerably  greater  than  above  [N.]. 
I  estimated  that  in  the  former  case  it  was  f  %  in  the  latter  about  |%  and  the  general 
appearance  of  the  thing  gave  me  the  idea  that  the  Moon  was  eccentrically  placed  in 
the  corona. 

**  The  general  form  of  the  corona  appeared  circular,  but  on  the  eastern  side  a  long 
ray  shot  out  to  a  distance  of  about  1°  ;  the  breadth  of  its  base  was  3',  but  it  tapered 
down  to  about  1}'.     During  the  10  seconds  that  my  attention  was  directed  to  it, 
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neither  the  direction  nor  the  length  of  the  ray  altered ;  its  light  was  considerably 
feebler  than  that  of  the  corona,  which  was  of  a  glowing  white,  and  seemed  to  corus- 
cate or  twinkle. 

"  With  the  naked  eye  I  easily  saw  Yenns  and  Jupiter,  the  former  being  much 
brighter  than  the  latter.  Although  I  knew  whereabouts  Procyon,  Castor,  Pollux, 
Mercury,  and  Saturn  were,  yet  in  the  few  seconds  available  for  seeking  for  them  I 
failed  to  find  them. 

"  My  assistant,  M.  Auerbach,  who  observed  the  corona»  and  searched  for  the  stars 
during  a  longer  period  than  I  did,  noticed  in  the  south-western  quadrant  a  curved  ray 
about  i^**  in  length,  which  I  in  my  hurry  probably  overlooked.  He  also  saw  Pollux, 
and  another  person  saw  Castor ;  but^  as  &r  as  I  am  aware,  no  more  than  the  above  4 
objects  were  seen  by  any  person  in  Tarragona. 

"Towards  the  end  of  the  3^  minute  of  the  totality,  I  again  looked  through  the 
telescope,  and  made  the  drawing  [Fig.  75,  PL  X].  The  western  protuberances 
had  altered  considerably  since  the  2^  minute ;  the  one  at  35**  had  reguned  its  original 
fonn  and  size,  the  flaming  rays,  previously  spoken  of,  having  disappeared.  The  pro- 
tuberance in  340°  had  become  much  larger,  the  length  of  its  base  being  now  about  4', 
and  the  height  i|'.  The  red  streak  extending  from  370**  to  300**  had  prolonged  itself 
so  as  to  take  in  the  protuberance  at  310''  [No.  6],  and  had  altogether  now  a  length  of 
50",  its  height  having  also  become  augmented  firom  |'  to  i',  and  its  colour  being  an 
intense  rose.  Hie  protuberance  at  260*"  [No.  5]  was  now  separated  by  about  y 
from  the  Moon,  its  breadth  being  nearly  i',  and  its  height  }'.  Finally,  at  340''  a  new 
and  small  protuberance  had  started  into  view,  its  base  and  height  were  both  about  Y, 
and  rose-coloured. 

"As  the  end  of  the  totality  advanced  so  the  protuberances  became  less  distinct, 
the  colour  became  brighter,  and  immediately  after  the  3"*  minute  of  totality  the  pro- 
tuberances at  240°  and  260°  disappeared  ;  the  fringe  extending  itself  to  a  length  of 
more  than  90^  its  height  being  i^,  and  embraced  all  the  protuberances  up  to  an 
angle  of  35°.  On  the  first  appearance  of  the  solar  rays  all  suddenly  vanished,  with 
the  exception  of  the  first  protuberance,  which  for  some  time  afterwards  remained 
visible  in  the  thin  red  glass." 

Meteorology  foand  an  able  representative  in  Spain  in  the  person 
of  Mr.  E.  J.  Lowe,  who  stationed  himself  at  Fuente  del  Mar, 
near  Santander;.  and  who,  with  his  assistants,  the  Rev.  W.  R. 
Almond,  B.A.,  and  Mr.  S.  Morley,  during  a  period  of  5  hours,  on 
the  memorable  July  18,  made  upwards  of  4000  observations, 
an  abstract  of  which,  in  his  own  words,  I  now  subjoin : — 

"  Commencing  with  underground  temperature,  a  thermometer  placed  6  inches  below 
the  surface  of  the  ground  ranged  between  67*9**  and  70*7°,  i,e,  2'8° ;  at  this  depth 
the  eclipse  was  not  sensibly  felt,  whereas  other  thermometers,  placed  4  inches, 
2  inches,  i  inch,  and  ^  an  inch  below  the  surface,  all  exhibited  in  a  very  marked 
manner  the  effect  of  the  eclipse.  On  the  grass  the  temperature  fell  to  64**  at  3^  5"> ; 
at  I  inch  below  the  surface,  to  69°  at  3^  15™  ;  at  i  inch  deep,  to  69-5*"  at  3^  25"^ ;  at 
«  inches,  to  71**  at  3*»  55™ ;  at  4  inches,  to  707'*  at  4**  30™  P.M. 

''The  temperature  on  the  grass  was  77*5°  at  noon,  rising  to  91*7°  at  i*>  50*",  and 
then  filling  till  3^  5™,  and  again  rising  to  85**  at  4*^  10™,  giving  a  range  of  27*7°.    At 
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half  an  inch  below  the  sur&oe  of  the  groimd  the  tempenitiire  rose  till  i^  55*  p.m^ 
when  it  wm  78*5*,  and  then  gradually  fell  to  69%  riling  again  to  74*7''  at  4^  30"^  P.M., 
the  range  being  9*5''.  At  i  inch  below  the  surface  the  temperature  rose  till  i*>  55*  to 
761^  fell  till  3»»  i5"»  to  69-5**,  and  rose  till  4^  55™  to  wf*  tti«  "«ge  being  6'f'  At 
4  inches  below  the  surfiftce  the  temperature  rose  till  i^  5"*  to  74*4^  then  feU  tiU 
3^  55"^  to  71*0^  and  afterwards  rose  till  4^^  55^  to  73*7^,  the  range  ^eing  3*4** ;  and  at 
4  inches  below  the  sur&oe  the  temperature  rose  till  a^  50^  to  73%  then  Hall  till  4**  30" 
to  70*7**,  and  again  rose  till  6^  P.M.  to  73*2°  the  range  being  9*5**. 

"The  greatest  cold  on  the  ground  occurred  between  3<^  and  3^  5*  P.M. ;  ditto,  |  an 
inch  below  sur£EU)e,  3^^  io«  and  3*^  I5»  p.m.  ;  ditto,  i  inch,  3^  90»  and  3^  95"  P.M. ; 
ditto,  4  inches,  $^  50"  and  3«»  55«  p.m.  ;  ditto,  4  inches,  4»»  «5»  and  4^  30»  P.M. 


TABLE  OF  TEMPERATURES. 


Of  a  blackened  ball  on  grass 

Of  a  blackened  ball  in  vacuo 

In  sunshine  at  a  feet  above  ground 

In  sunshine  1  feet  (wet  bulb) 

Diff.  between  dry  and  wet  bulb  at  a  feet 

In  shade  at  4  feet 

In  shade  at  4  feet  (wet  bulb) 

In  shade  at  3  feet 

In  shade  at  a  feet 

In  shade  at  I  foot 
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"  The  barometer  rose  from  i^  40^  till  i^  io">  o*oo«  inch,  then  fell  till  3^  5*  0*0017 
inch,  and  rose  till  end  of  eclipse,  0*009  inch. 

"Intensity  of  photographic  light,  from  salted  pi4per8  conveyed,  aensilised,  in 
Marion's  dark  box,  exposed  for  10  seconds  (with  a  scale  of  from  o  to  5**),  at  the 
commencement  of  the  eclipse,  4}^  becoming  4^  at  a*>  5",  3^  at  a^  15™,  2^  at  a^  35", 
i<>  at  2^  40«,  f  at  a«»  50",  i**  at  2^  55«  (dear  about  Sun),  J**  at  3^  1®  at  3«»5"«, 
a^  at  3>*  as™,  a}^  at  ^^  40™,  3"  at  3^^  50™,  and  4''  at  4^.  During  totality  a  paper  expoaed 
for  I  minute  gave  j^.  • 

"The  wind  was  N.W.  and  N.N.W.  tiU  4^  20»  then  W.a W.,  being  S.W.  at  4^  25". 
and  South  at  4^  45".  The  wind  was  brisk  at  the  commencement  of  the  edipae,  quite 
a  calm  during  totality,  and  a  gentle  breeie  afterwards.  The  distant  prospect  was 
very  dear,  except  during  totality,  when  the  mountains  disappeared,  and  only  near 
objects  were  visible. 

"  The  clouds,  which  were  chiefly  cumuli,  diminished  in  amount  till  i^  50"*,  when 
only  -^  of  the  sky  was  overcast,  then  increased  till  2^  35*  with  much  doud  tUl 
3^  55"*,  then  again  diminished  to  -^  at  the  termination  of  the  eclipse,  the  range 
bdng  f%  of  the  whole  sky.    Towards  totality  some  of  the  onmuli  became  aond,  which 
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lasted  from  a^  5™  to  3^  zo">,  giving  the  Btrongest  impraBdon  that  the  change  was  due 
to  the  eclipse. 

"Hie  morning  was  fine,  and  firom  la^  45"^  p.m.  sunshine ;  at  z^^  35™  much  open  sky 
about  the  zenith;  at  i^  15"^  a  blackness  about  W.  horizon,  and  slightly  so  in  N. 
and  S. ;  at  2^  30™  the  hills  dark,  and  the  blue  sky  in  N.  and  K  very  pale  in  colour ; 
at  3^  35™,  hills  dark,  with  a  blue  haze  among  the  more  distant  mountains ;  at 
ih  ^om^  horizon  due  W.  pink ;  at  2^  45™,  dear  sky,  in  N.  pink  ;  at  a^  52™,  splendid 
pink  in  W.  horizon,  warm  purple  in  summits  of  mountains  in  S.,  dear  sky,  in  N. 
deep  lilao,  and  in  E.  very  pale  blue ;  at  a^  57™,  rapid  change,  the  dear  sky  in  N. 
deep  marine  blue  with  a  red  line. 

"  Before  totality  commenced,  the  colours  in  the  sky  and  in  the  hills  were  magnificent 
beyond  all  description  ;  the  clear  sky  in  N.  assumed  a  deep  indigo  colour,  while  in 
the  W.  the  horizon  was  pitch  black  (like  night).  In  the  K  the  dear  sky  was  very 
pale  blue,  with  orange  and  red,  like  sunrise,  and  the  hills  in  S.  were  very  red ;  on  the 
shadow  sweeping  across,  the  deep  blue  in  N.  changed  like  magic  to  pale  sunrise  tints 
of  orange  and  red,  while  the  sunrise  appearance  in  E.  had  changed  to  indigo.  The 
colours  increased  in  brilliancy  near  the  horizon,  overhead  the  sky  was  [of  a]  leaden 
[hue].  Some  white  houses  at  a  little  distance  were  brought  nearer,  and  assumed  a 
warm  yellow  tint ;  the  darkness  was  great ;  thermometers  could  not  be  read.  The 
countenances  of  men  were  of  a  livid  pink.  The  Spaniards  lay  down,  and  their 
children  screamed  with  fear ;  fowls  hastened  to  roost,  ducks  clustered  together, 
pigeons  dashed  against  the  sides  of  the  houses,  flowers  dosed  {HibitcuA  AfriocmuM  as 
early  as  2^  5™);  at  2^  5  a™  cocks  began  to  crow  (ceasing  at  2^  57™,  and  recommencing 
At  3^  5">).  As  darkness  came  on,  many  butterflies,  which  were  seen  about,  flew  as  if 
drank,  and  at  last  disappeared ;  the  air  became  very  humid,  so  much  so  that  the  grass 
felt  to  one  of  the  observers  as  if  recently  rained  upon.  So  many  fiu^  have  been 
noted  and  recorded  that  it  is  impossible  to  do  more  than  give  a  brief  statement  of  the 
leading  features." 

The  general  result  of  the  observations  of  the  eclipse  of  i860 
enables  us  to  assert  with  a  great  deal  of  confidence  that  the  red 
flames  in  solar  eclipses  belong  not  to  the  Moon  but  to  the  Sun. 

In  speaking  of  this  eclipse  I  ought  not  to  forget  to  make 
mention  of  the  interesting  and  valuable  memoir  presented  to  the 
Royal  Society  by  Mr.  Warren  De  La  Rue,  and  published  in  vol.  clii. 
of  the  Philosophical  Transactions, 
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CHAPTER   VI. 

HISTORICAL    NOTICES. 

EcUp9U  recorded  in  AneUni  ffittory.^'ScUpBe  of  584  B.o. — Edipu  of  556  B.O.— J'eltiMe 
of  479  B.o. — EdipH  of  430  B.O. — Belipu  of  509  B.o. — AUuiioiu  tti  old  EngUtk 
ChronicUa  to  EcUpsea  of  the  Sun* 

'T^HE  earliest  eclipse  on  record  is  one  given  in  the  Chinese 
~^    history  named  the  Chau-king ;  it  is  supposed  that  it  is  the 
solar  eclipse  of  Oct.  13,  2127  B.C.*  which  is  there  alluded  to. 

One  of  the  most  celebrated  eclipses  of  the  Sun  recorded  in  his- 
tory is  that  which  occurred  in  the  year  584  B.C.  It  is  notable,  not 
only  on  account  of  its  having  been  predicted  by  Thales^  who  was 
the  first  ancient  astronomer  who  gave  the  true  explanation  of  the 
phenomena  of  eclipses^  but  because  it  seems  to  fix  the  precise 
date  of  an  important  event  in  ancient  history.     Herodotus  de- 

the  Ly dians  and  the  Medes ;  and  gives  an  account  of  the  follow- 
lowing  circumstances  which  led  to  its  premature  termination  :— 

"  Ab  the  balance  had  not  inolined  in  favour  of  either  nationi  another  engagement 
took  place  in  the  6th  year  of  the  war,  in  the  oourse  of  which,  jnst  as  the  battle  was 
growing  warm,  day  was  suddenly  turned  into  night  (ovi^yctcff  tkart  r^r  ft^X^f  ovrc- 
OTffl^f  T^v  hn-ip^p  i^oMlrris  rUera  ywMat).  This  event  had  been  foretold  to  the 
lonians  by  Thales  of  Miletus,  who  predicted  for  it  the  veiy  year  in  which  it  actually  took 
place.  When  the  Lydians  and  Medes  observed  the  change  they  ceased  fighting,  and 
were  alike  anxious  to  conclude  peace.**  Peace  was  accordingly  agreed  upon  and 
cemented  by  a  twofold  marriage.  "  For  without  some  strong  bond,  there  is  little 
security  to  be^^found  in  men*s  covenants." 

So  adds  the  historian^.    The  exact  date  of  this  interesting 

*  Mem,  B.A.S.,  vol.  zi.  p.  47.  ^  Herod.,  lib.  i  cap.  74. 
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event  was  long  disputed^  and  the  solar  eclipses  of  609^  592^  and 
particularly  584  B.c.^  were  each  fixed  upon  as  the  one  mentioned  by 
Herodotus ;  and  it  is  only  within  the  last  few  years  that  the  point 
has  been  finally  settled  in  favour  of  the  last-mentioned  edipse^ 
and  that  chiefly  through  the  researches  of  the  Astronomer  Royal^ 
who  gives^  as  the  date  of  the  eclipse  in  question^  May  28^  584  b.c.<^ 
This  is  reconcilable  with  the  statements  of  Cicero  and  Pliny. 

Another  important  ancient  ecb'pse  is  that  mentioned  by  Xeno- 
phon^  in  the  Anabam,  as  having  led  to  the  capture  by  the  Persians 
of  the  Median  city  Larissa.  In  the  retreat  of  the  Greeks  on  the 
eastern  side  of  the  Tigris^  not  long  after  the  seizure  of  their 
commanders^  they  crossed  the  river  Zapetes^  and  also  a  ravine^  and 
then  came  to  the  Tigris.  At  this  place^  according  to  Xenophon^ 
there  stood — 

**  A  large  deserted  city  called  Larissay  formerly  inhabited  by  the  Medes ;  its  waU 
was  35  feet  thick,  and  lOO  feet  high ;  its  circumference  2  parasangs  ;  it  was  built  of 
burnt  brick  on  an  understmcture  of  stone  20  feet  in  height.  When  the  Persians 
obtained  the  empire  from  the  Medes,  the  king  of  the  Persians  besieged  the  dty,  but 
was  unable  by  any  means  to  take  it  till  a  cloud  having  covered  the  Sun  and  caused 
it  to  disappear  completely,  the  inhabitants  withdrew  in  alarm,  and  thus  the  city 
was  captured*'.'* 

The  historian  then  goes  on  to  say  that  the  Greeks  in  continuing 
their  march^  passed  by  another  ruined  city  named  Mespila.  The 
minute  description  given  by  Xenophon  has  enabled  Layard^  Felix 
Jones^  and  others^  to  identify  Larissa  with  the  modem  Nimrid, 
and  Mespila  with  Mosul.  It  is  plain  that  the  phenomenon  to 
which  the  Greek  author  refers  as  having  led  to  the  capture  of  the 
above-mentioned  city^  was  no  other  than  a  total  eclipse  of  the  Sun. 
The  Astronomer  Royal  has  arrived  at  the  conclusion  that  this 
eclipse  occurred  on  May  19,  556  B.C.* 

In  the  same  year  as  that  in  which^  according  to  the  common 
account^  the  battle  of  Salamis  was  fought  (479  b.c.)^  there  occurred 
a  phenomenon  which  is  thus  adverted  to  : — 

'*  At  the  first  approach  of  spring  the  army  quitted  Sardis,  and  marched  towards 
Abydos ;  at  the  moment  of  its  departure  the  Sun  suddenly  quitted  its  place  in  the 

«  Phil.  Ttom.,  voL  cxliii.  pp.  IQ1-197.  «*  Andb.t  lib.  iiL  cap.  4.  §  7. 

1853.     MorUh,  Not,  B.A.S.,  vol.  xviii.  •  M(m^,  Not,  B.A.S^  vol  xvii  p.  934. 

p.  143  €t  $€q. 
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heftreni  and  disi^peared  (6  liXtos  4K\nrifr  rifr  4k  tov  o&pmpov  tbp>fip  ik^or^f  lir),  though 
there  were  no  oloudB  in  sight,  and  the  sky  was  quite  clear ;  day  was  thus  tamed  into 
night  (Arrl  Wf^'  ''«  »^  ^dwrro)  '." 

This  account^  interpreted  aa  a  record  of  a  total  solar  eclipse,  has 
given  great  trouble  to  chronologers^  and  it  is  still  a  matter  of 
uncertainty  what  eclipse  is  referred  to.  Mr.  Airy  '' thinks  it 
extremely  probable ''  that  the  narrative  relates  to  the  total 
eclipse  of  the  Moan,  which  happened  478  B.C.,  March  13*  15** 
G.  M.  T.8 

A  total  eclipse  of  the  Sun,  supposed  to  have  been  that  of 
August  3,  430  B.C.,  would  have  seriously  interfered  with  the 
Athenian  expedition  against  the  Lacedaemonians,  had  it  not  been 
for  the  intervention  of  Pericles,  commander  of  the  forces  belonging 
to  the  former  nation. 

"  The  whole  fleet  was  in  readiness,  and  Pericles  on  hoard  his  own  galley,  when 
there  happened  an  eclipse  of  the  Sun.  The  sadden  darkness  was  looked  upon  as  an 
unfavoorable  omen,  and  threw  the  sailors  into  the  greatest  consternation.  Periolea 
observing  that  the  pilot  was  much  astonished  and  perplexed,  took  his  doak,  and 
having  covered  his  eyes  with  it,  asked  him  if  he  found  anything  terrible  in  that,  or 
considered  it  as  a  bad  presage  t  Upon  his  answering  in  the  negative,  he  said, '  Where 
is  the  difference,  then,  between  this  and  the  other,  except  that  something  bigger  than 
my  cloak  caases  the  eclipse  ^  ?' " 

Thucydides  says : — 

"  In  the  same  summer,  at  the  beginning  of  a  new  lonar  month  (at  which  time 
alone  the  phenomenon  seems  possible),  soon  after  noon  the  Son  saflfored  an  eclipse  ; 
it  assumed  a  crescent  form,  and  certain  of  the  stars  appeared :  after  a  whUe  the  Sun 
resumed  its  ordinaiy  aspect*.** 

An  ancient  eclipse,  known  by  the  name  of  Agathocles,  has  also 
been  recently  investigated  by  the  Astronomer  Boyal,  and  previously 
by  Mr.  F.  Baily.  It  took  place  on  August  14,  309  B.C.  This 
eclipse,  as  the  account  is  g^ven  by  the  ancient  writers,  is  associated 
with  an  interesting  historical  event.  Agathocles,  having  been 
closely  blockaded  in  the  harbour  of  Syracuse  by  a  Carthaginian 
fleet,  took  advantage  of  a  temporary  relaxation  in  the  blockade^ 
occasioned  by  the  enemy  going  in  quest  of  a  relieving  fleet,  and 

'  Herod.,  lib.  vii.  cap.  37.    Plutarch,  «  PAif.  7Voiw.,Tol.cxliilp.  107.  1853. 

PdopidoB,  31.    Diod.  Sic.,  lib.  xv.  cap.  See  also  Bhikesley*s  Herod,,  in  loco, 

80.    Grote,   Hist,  of  Gretct,  vol.  x.  p.  »»  Plutarch,  VUa  PeridU, 

4^4-  *  Thucyd.,  lib.  ii.  cap.  a8. 
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quitting  the  harbour  of  Syracuse^  he  landed  on  the  neighbour- 
ing coast  of  Africa,  at  a  point  near  the  modem  Cape  Bon^  and 
devastated  the  Carthaginian  territories.  It  is  stated  that  the 
voyage  to  the  African  coast  occupied  6  days^  and  that  an  eclipse 
(which  from  the  description  was  manifestly  total)  occurred  on  the 
^nd  ^y^  Diodorus  Siculus  says  that  the  stars  were  seen*^^  so 
that  no  doubt  can  exist  as  to  the  totality  of  the  eclipse.  Mr.  Baily^ 
however^  found  that  there  existed  an  irreconcilable  difference  be- 
tween the  calculated  path  of  the  shadow  and  the  historical  state- 
ment^ a  space  of  about  i8o  geographical  miles  appearing  between 
the  most  southerly  position  that  can  be  assigned  to  the  fleet  of 
Agathodes  and  the  northerly  limit  of  the  phase.  ''To  obviate 
this  discordance^  it  is  only  necessary  to  suppose  an  error  of  about 
3'  in  the  computed  distances  of  the  Sun  and  Moon  at  conjunction^ 
a  very  inconsiderable  correction  for  a  date  anterior  to  the  epoch  of 
the  tables  by  more  than  :ki  centuries  1.'' 

In  the  writings  of  the  early  English  chroniclers  are  to  be  found 
numerous  passages  relating  to  total  eclipses  of  the  Sun.  The 
eclipse  of  August  2,  1133^  was  considered  a  presage  of  misfortune 
to  Henry  I :  it  is  thus  referred  to  by  William  of  Malmesbury : — 
''The  elements  manifested  their  sorrow  at  this  great  man's  last 
departure.  For  the  Sun  on  that  day  at  the  6*^  hour  shrouded  his 
glorious  face^  as  the  poets  say^  in  hideous  darkness^  agitating  the 
hearts  of  men  by  an  eclipse ;  and  on  the  6^  day  of  the  woek,  early 
in  the  mornings  there  was  so  great  an  earthquake  that  the  g^und 
appeared  absolutely  to  sink  down;  an  horrid  noise  being  first 
heard  beneath  the  surface  ^"  The  same  writer,  speaking  of  the 
total  eclipse  of  March  20,  1140,  says — "During  this  year,  in  Lent, 
on  the  13;^  of  the  calends  of  April,  at  the  9*  hour  of  the  4*^  day  of 
the  week,  there  was  an  eclipse,  throughout  England,  as  I  have 
heard.  With  us,  indeed,  and  with  all  our  neighbours,  the  obscura- 
tion of  the  Sun  also  was  so  remarkable,  that  persons  sitting  at 
table,  as  it  then  happened  almost  everjrwhere,  for  it  was  Lent,  at 
first  feared  that  Chaos  was  come  again:  afterwards  learning  the 
cause,  they  went  out  and  beheld  the  stars  around  the  Sun.     It  was 

^  Diodor.  Sic,  lib.  xx.  cap.  i.    Justin.,  lib.  xxii.  cap.  6. 
I  PhU,  Tram.,  voL  oxliiL  pp.  187- 191.    1853.  "  Hist.  Nov.,  lib.  i. 
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thought  and  said  by  many^  not  untruly^  that  the  king  [St^hen] 
would  not  continue  a  year  in  the  government  ^" 

In  this  chapter^  and  elsewhere,  all  dates  before  the  Christian  era 
are  given  according  to  the  method  of  reckoning  employed  by 
astronomers^  and  not  that  by  chronologists.  Thus  584  B.C.  astro- 
nomical reckonings  corresponds  to  585  B.C.  chronological  reckoning<>. 
Sometimes  astronomical  dates  of  events  happening  before  the  birth 
of  our  Savioub  are  given  in  this  form :  (—584)^  as  beings  in  some 
sense^  negative  quantities. 

In  matters  of  this  kind^  due  attention  to  these  distinctions  is  of 
importance. 

■  Higt,  Novu  lib.  iL     Vide  also  Sax,         ®  The  caase  of  thia  will  be  seen  from 
Chron,,  Thorpe's  Trans.,  p.  233.    8yo.      the   following  table   of  the   respective 
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CHAPTER  VII 

ECLIPSES  OF  THE  MOON. 

Lmar  Sdlptm  of  Urn  tittna  tiutn  Solar  onct.— SutMtary  irf  fadi  ooit»eeied  wUk 
lAok— PaniUnr  eireamlanea  aoUad  during  lAe  SMpte  of  March  19,  1S48.— 
OimtaHoM  of  Por»Ur.,-^Wargeiiti».'i  rtmarlt  on  tht  Edipte  qf  May  16,  ijSi.— 
EepUr't  expJanoMoi*  of  Hat  pemUartliw  bebtg  dut  to  MOmrohgital  eatitu. 
— OhoUaan   obmvatioM   qf  Eiiipta.—Otktr   andmt  £eUp»a.—AneedUt   tf 


4  N  eclipse  of  the  Moon,  thongli  inferior  in  importance  to  one  of 
-'^  the  Sim,  is  nevertlieless  not  altogether  devoid  of  interest ;  it 
is  either  partial  or  total*,  according  to  the  extent  to  which  oar 
satellite  is  immersed  in  the  Earth's  shadow.  In  a  total  eclipse 
the  Moon  may  be  deprived  of  the  Sun's  light  for  i**  50™,  and 
reckoning  from  the  first  to  the  last  contact  of  the  penumbra, 

Kg.  76- 
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the  phenomenon  may  last  5'*  30°',  bat  this  is  the  oatcnde  limit. 
The  obscuration  is  found  to  lost  longer  than  calculation  fixes  it. 
This  is  due  to  the  fact  that  no  account  is  taken  in  the  calcnhitions 

■  But    neTBi    umulu',    becaiue    the      from  the  Euth,  ii  alwajB  in  bzomi  of 
dumeter  of  the  Euth'B  ihadow,  at  the      the  duunetn  of  the  lonv  diu. 
greftteat  poadble  diaUoM  ol  the  Moon 
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of  the  denaer  strata  of  the  atmosphere  throagh  which  the  raTS 
hare  to  pass,  which  cause  a  retanliog  effect  aoalogons  to  that  of 
the  solid  matter  of  the  Earth.  From  numerons  obserratiotiB  made 
daring  the  eclipse  of  Dec.  21S,  18331  Beer  and  A^dler  found  that 
the  apparent  breadth  of  the  shadow  was  increased  bj  -^  on 
account  of  the  terrestrial  atmosphere.  "  Owing  to  the  ecliptic 
limits  of  the  Sun  exceeding  those  of  the  Moon,  there  are  more 
eclipses  of  the  former  luminary  than  of  the  latter ;  bnt  on  account 
of  the  comparatively  small  extent  of  the  Earth's  surface  to  which  a 
solar  eclipse  is  visible,  the  eclipses  of  the  Moon  are  more  frequently 
seen  at  any  particular  place  than  those  of  the  Sun." 

Fig.  76  is  designed  to  illustrate  the  different  ooiulitionB  of 
eclipses  of  the  Moon.  AB  is  the  ecliptic,  CD  the  Moon's  path. 
The  3  black  circles  are  imaginary  sections  of  the  Earth's  shadow, 
when  in  3  successive  positions  in  the  ecliptic.  If  the  oonjtmctioa 
in  right  ascension  of  the  Earth  and  Moon  occurs  when  tiie  Moon 
is  at  E,  it  escapes  eclipse ;  if  the  Moon  is  at  F,  it  suffers  a  partial 
obscuration,  but  if  the  Moon  is  at  or  very  near  its  node,  indicated 
by  G,  it  will  be  wholly  involved  in  the  Earth's  shadow,  and  a 
total  eclipse  will  be  the  result. 

Even  when  most  deeply  immersed  in  the  Earth's  shadow,  our 
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satellite  does  not,  except  on  rare 
occasions,  wholly  disappear,  but 
may  be  generally  detected  in  a 
telescope,  and  frequently  with  the 
naked  eye,  having  a  dull  red,  or 
ooppery  colour,  'niis  waa  exempli- 
fied in  a  very  remarkabla  manner 
in  tiie  case  of  the  eoUpae  of  March 
19,  1848,  on  which  oocasion  tiie 
Moon  was  so  clearly  seen  that 
many  persons  doubted  the  reality 
of  the  eclipse. 
Mr.  Forster,  who  observed  the 
eclipse  at  Bruges,  writes  as  follows : — 

"  I  wuh  to  c»ll  yoitt  attention  to  tho  hot  whioh  I  h«TB  cil««ly  Moertainod.  that  during 
ths  whola  of  the  late  eclipse  of  March  ig,  the  slwded  mfooe  in  111  if  ml  %  loffllnonlj 
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quite  fmufliud,  probably  about  three  thnes  the  inteudtj  of  the  mean  illamiDation  of 
the  eolipeed  lunar  diBc.  The  light  was  of  a  deep  red  colour.  During  the  totality  of 
the  eclipee,  the  light  and  dark  places  on  the  fiu^  of  the  Moon  could  be  almost  as  well 
made  out  as  on  an  ordinaiy  dull  moonlight  night,  and  the  deep  red  colour  where  the 
■ky  was  clearer  was  very  remarkable  from  the  contrasted  whiteness  of  the  stars. 
My  observations  were  made  with  difierent  telescopes ;  but  all  presented  the  same 
appearance,  and  the  remarkable  luminosity  struck  every  one.  The  British  Consul  at 
Ghent,  who  did  not  know  there  wu  an  edipse,  wrote  to  me  for  an  explanation  of  the 
Uood-red  colour  of  the  Moon  at  9  o'clock  ^" 

Ab  a  complement  to  this  observation^  I  may  quote  one  by 
Wargentin  of  the  total  eclipse  of  May  18^  1761.  He  says  that 
ii>^  afber  the  commencement  of  the  phase  ''the  Moon's  body 
had  disappeared  so  completely,  that  not  tie  slightest  trace  of  any 
portion  of  tie  lunar  disc  could  be  discerned  either  with  the  naked 
eye  or  with  the  telescope,  although  the  sky  was  clear^  and  the  stars 
in  the  vicinity  of  the  Moon  were  distinctly  visible  in  the  tele- 
scope °/' 

The  red  hue  was  long  a  phenomenon  for  which  no  explanation 
could  be  found;  by  some  it  was  considered  to  be  due  to  a  light 
naturally  inherent  to  the  Moon's  surface^  but  Kepler  was  the  first 
to  find  out  a  more  scientific  explanation.  He  shewed  that  the 
phenomenon  was  occasioned  by  the  refraction  of  the  Earth's 
atmosphere^  which  had  the  efiect  of  turning  the  course  of  the 
solar  rays  passing  through  it^  causing  them  to  fall  upon  the  Moon 
even  when  the  Earth  was  actually  interposed  between  them  and 
the  Sun.  The  deep  red  colour  of  the  Moon's  surface  arises  from 
the  absorption  of  the  blue  rays  of  light  in  passing  through  the 
terrestrial  atmosphere^  in  the  same  manner  as  the  western  sky  is 
frequently  seen  to  assume  a  ruddy  hue  when  illuminated  in  the 
evening  by  the  solar  rays.  On  account  of  the  variable  meteoro- 
logical condition  of  our  atmosphere  the  quantity  of  light  actually 
transmitted  is  liable  to  considerable  fluctuations^  and  hence  arises 
a  corresponding  variation  in  the  appearances  presented  by  the 
Moon's   surface  during  her  immersion  in  the  Earth's  shadow. 

^  MoinJfh,  Not,  RJL.S.,  vol.  viii.  p.  13a.  stellis  vidnis  in  tubo  conspicuis."    Other 

«  PhU,  Trans,,  vol.  li.  p.  310.     1761.  eclipses,  where  the  same  thing  occurred. 

The  original  runs   thus:   **Tota  luna,  took  place  on  Jane  15,  i6ao  (Kepler, 

ita  prorsus  disparuerat,  ut  nullum  ejus  EpUt.Att.,p,S2S);  April  15, 164a  (fieve- 

vestigium,  vol  nudis,  vel  armatis  oculis,  lius,  SeUnog,,  p.  117) ;  and  June  10, 1816 

sensibile  restaret,  cqbIo  licet  serene,  et  (Beer  and  M&idler). 
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If  the  portion  of  the  atmosphere  through  which  the  solar  rays 
have  to  pass  is  everywhere  tolerably  free  from  vapour^  the  red 
rays  will  be  almost  totally  absorbed,  bat  not  so  the  blue,  and 
the  illumination  will  be  too  feeble  to  render  the  Moon^s  surface 
visible:  such  was  the  case  in  the  eclipse  of  June  15,  1620,  ob- 
served by  Kepler*.  The  eclipse  of  May  18,  1761,  observed  by 
Wargentin  at  Stockholm,  and  referred  to  above,  famishes  a  good 
example  of  the  same  phenomenon,  as  also  does  the  eclipse  of  June 
10,  1816. 

K,  on  the  other  hand,  the  region  of  the  atmosphere  through 
which  the  solar  rays  pass  be  everywhere  highly  saturated,  the 
red  rays  will  be  transmitted  to  the  Moon  in  great  abundance^ 
and  its  surface  will  consequently  be  highly  illuminated.  Such 
was  the  case  in  the  eclipse  of  March  1848  already  referred  to. 
If,  moreover,  the  region  of  the  atmosphere  through  which  the 
rays  pass  be  saturated  only  in  some  parts  and  not  in  others^ 
it  follows  that  some  portions  of  the  Moon's  disc  will  be  invisible 
whilst  others  will  be  more  or  less  illuminated.  Such  an  occurrence 
was  seen  by  Kepler*  on  Aug.  16,  1598,  and  by  Sir  J.  Herschel  on 
Oct.  13,  1837. 

The  celebrated  African  explorers,  the  Landers,  graphically  de- 
scribe what  took  place  on  the  occasion  of  the  eclipse  of  the  Moon 
of  Sept.  2,  1830.  They  say: — ''The  earlier  part  of  the  evening 
had  been  mild,  serene,  and  remarkably  pleasant.  The  Moon  had 
arisen  with  uncommon  lustre,  and  being  at  the  fall,  her  appearance 
was  extremely  delightful.  It  was  the  conclusion  of  the  holidays, 
and  many  of  the  people  were  enjoying  the  delicious  coolness  of 
a  serene  night,  and  resting  from  the  laborious  exertions  of  the 
day;  but  when  the  Moon  became  gradually  obscured,  fear  over- 
came every  one.  As  the  eclipse  increased  they  became  more 
terrified.  All  ran  in  great  distress  to  inform  their  sovereign  of 
the  circumstance,  for  there  was  not  a  single  cloud  to  cause  so 
deep  a  shadow,  and  they  could  not  comprehend  the  nature  or 
meaning  of  an  eclipse.  Groups  of  men  were  blowing  on  trumpets, 
which  produced  a  harsh  and  discordant  sound;  some  were  em- 
ployed in  beating  old  drums;   others  again  were  blowing  on 

^  Epitt.  AH,,  p.  825.  •  Ad  ViUU.  ParaHpom, 
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bullocks'  horns.  The  diminished  lights  when  the  eclipse  was 
complete^  was  just  sufficient  for  us  to  distinguish  the  various 
groups  of  people^  and  contributed  in  no  small  degree  to  render 
the  scene  more  imposing.  If  a  European^  a  stranger  to  Africa^ 
had  been  placed  on  a  sudden  in  the  midst  of  the  terror-struck 
people^  he  would  have  imagined  himself  among  a  legion  of  demons^ 
holding  a  revel  over  a  fallen  spirit.'' 

It  is  to  the  Chaldseans  that  we  owe  the  earliest  recorded  observa- 
tions of  lunar  eclipses^  as  mentioned  by  Ptolemy.  The  first  of 
these  took  place  in  the  2^^  year  of  the  era  of  Nabonasser^  the  first 
of  the  reign  of  Mardokempadius,  on  the  29^  day  of  the  Egyptian 
month  Thothf  answering  to  March  19^  720  b.c.^  according  to  our 
mode  of  reckoning.  It  appears  to  have  been  total  at  Babylon^ 
the  greatest  phase  occurring  at  about  9^  36°^  p.m.  The  second 
was  a  partial  eclipse  only;  it  happened  at  midnight  on  the  18^ 
of  the  month  Thothj  or  on  March  8^  719  B.C.  The  third  took 
place  in  the  same  year^  on  the  15^  of  the  month  Phammnth,  or 
Sept.  i^  719  B.C.  The  magnitude  of  the  eclipse^  according  to 
Ptolemy^  was  6  digits  on  the  southern  limb^  and  it  lasted  3  hours^ 
having  commenced  soon  affcer  the  Moon  rose  at  Babylon.  An 
eclipse  occurred  in  the  4*^  year  of  the  91"*  Olympiad,  the  19*^*  of 
the  Peloponnesian  war,  answering  to  Aug.  27,  412  B.C.,  which 
produced  very  disastrous  consequences  to  the  Athenian  army, 
owing  to  the  obstinacy  of  their  general  Nicias '.  Modem  calcula- 
tions shew  that  it  was  total  at  Syracuse. 

An  eclipse  of  the  Moon,  which  happened  on  March  i,  1504, 
proved  of  much  service  to  Columbus  s.  His  fleet  was  in  great 
straits,  owing  to  the  want  of  supplies,  which  the  islanders  of 
Jamaica  revised  to  g^ve.  He  accordingly  threatened  to  deprive 
them  of  the  Moon's  light,  as  a  punishment.  ''  His  threat  was 
treated  at  first  with  indifference,  but  when  the  eclipse  actually 
commenced,  the  barbarians  vied  with  each  other  in  the  production 
of  the  necessary  supplies  for  the  Spanish  fleet." 

'  Plutarch,  Vita  Nieioi.    Thncyd.,  lib.  vii.  cap.  50. 
B  Bobertson,  HUt,  of  Ameriea,  vol.  ii 
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CHAPTER   VTTI. 

SUGGESTIONS  FOR  OBSERVING  ANNULAR  ECLIPSES  OF 

THE  SUN. 

I^IlEyiOUS  to  the  celebrated  eclipse  of  1858^  the  Astronomer 
-'-  Boyal  circulated  a  series  of  useful  suggestions^  which  I  here 
reproduce^  in  a  slightly  amended  form^  as  applicable  to  other 
eclipses  besides  the  one  above  referred  to: — 

''The  following  suggestions  are  offered  as  presenting  grounds 
for  consideration^  which  may  tend  to  direct  observers  in  deciding 
on  the  employment  of  the  means  which  they  may  possess. 

''I.  Observations  not  requiring  Instruments. 

''  I.  As  the  eclipse  advances^  it  is  desirable  to  obtain  some 
notion  or  measure  of  the  degree  of  darkness. 

''  2»  At  what  distance  firom  the  eye  can  a  book  or  paper^  ex- 
hibiting type  of  different  sizes^  be  read  ? 

''3.  Hold  up  a  lighted  candle  nearly  between  the  Sun  and 
your  eye.  At  how  many  sun-breadths'  distance  from  the  Sun 
can  the  flame  be  seen? 

"  4.  If  you  are  in  an  elevated  position^  remark  the  changes  of 
colour  and  appearance  of  the  surrounding  objects  in  the  landscape. 

''  5.  If  you  see  the  spots  of  light  formed  by  the  intersecting 
shadows  of  the  boughs  of  trees^  remark  whether  they  exhibit  the 
luneform  of  the  Sun. 

''  6.  When  the  annulus  is  formed^  you  will  probably  observe  it 
with  a  darkened  glass;  but  you  are  particularly  requested  to 
devote  one  instant  (as  early  as  possible)  to  the  verification  of  this 
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point,  viz. :  When  the  annular  Sun  is  viewed  with  the  naked  eye, 
does  it  appear  an  annulus  or  a  fully  illuminated  disc  ? 


« 


II.  Optical,  Astronomical^  and  Solar-physical  Observations  requiring 

tie  use  of  Instruments, 

'^  7.  As  the  eclipse  advances,  estimate  (on  the  image  seen  in  the 
telescope)  the  comparative  intensity  of  the  Sun's  light  near  the 
centre  of  his  disc  and  near  his  limb. 

'^  8.  For  the  more  critical  observations,  it  is  desirable  that  the 
power  of  your  telescope  should  be  so  low  as  to  g^ve  you  an  easy 
view  of  the  whole  breadth  of  the  Sun. 

'^  9.  Remark  irregularities  on  the  Moon's  limb. 

''10.  As  the  cusps  become  very  sharp,  remark  whether  they 
are  irregular.  For  this,  and  for  all  the  observations  near  the 
annular  phase,  it  is  necessary  that  you  be  provided  either  with 
a  graduated  prismatic  shade,  or  with  a  succession  of  shades  of 
different  intensity,  and  that  you  instantly  select  the  shade  which 
is  most  agreeable  to  your  eye. 

'^11.  Remark  whether  the  Sun's  light  extends  beyond  the 
intersection  of  the  limbs  of  Sun  and  Moon,  so  as  to  make  the 
Moon's  limb  visible  beyond  that  intersection.  For  this  purpose 
the  bright  parts  of  the  Sun  must  be  put  out  of  the  field  of  view, 
and  the  shade  must  be  withdrawn. 

'^12.  As  the  annularity  approaches  and  is  formed,  remark 
whether  Baily's  beads  and  strings  are  formed;  whether  first 
formed  at  points  corresponding  to  large  inequalities  of  the  Moon's 
limb;  whether  they  surround  the  Moon;  how  they  form  and 
break.  Only  an  instant  can  be  given  to  this  observation.  It  is 
of  the  utmost  importance  to  be  assured  that  your  vision  at  the 
instants  immediately  preceding,  especially  of  the  Moon's  in- 
equalities, is  very  distinct. 

"  13.  Remark,  as  one  of  the  most  important  observations  of  the 
eclipse,  whether  any  red  flames  are  seen  on  the  Sun's  limb.  For 
this  purpose  you  must  withdraw  the  shade,  if  you  are  on  the 
annular  track,  the  instant  after  formation  of  the  annulus;  if  you 
are  not  on  the  annular  track,  as  soon  as  the  eye  can  bear  the  Sun. 
On  the  annular  track  the  whole  line  must  be  rapidly  scrutinised ; 

p 
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and  when  the  ring  breaks^  the  still  illuminated  part  must  be  put 
out  of  the  fields  and  the  Moon^s  dark  limb  must  be  surveyed.  At 
places  not  on  the  annular  tracks  this  plan  (namely,  to  exclude  the 
illuminated  portion  of  the  disc  from  the  field,  and  to  survey  the 
Moon^s  dark  limb)  must  be  followed  throughout.  It  seems  not 
improbable  that  the  best  chance  of  seeing  red  flames  will  be 
obtained  at  places  not  on  the  annular  track. 

"  14.  At  the  breaking  up  of  the  annulus,  look  for  BaUy's  beads 
as  before. 

"  15.  Do  not  attempt  any  record  during  or  near  the  annularity. 
Endeavour  to  impress  observations  on  your  memory  as  well  as  you 
can.  If  you  have  an  assistant  seated  at  a  table  with  a  chronometer 
and  writing-materials,  you  may  give  him  signals  for  the  register 
of  time,  but  you  must  connect  the  phenomena  with  the  time 
afterwards. 

"16.  A  good  sextant-observer  may  obtain  valuable  observations 
for  correction  of  the  lunar  tables  by  measuring  the  intervals 
between  the  points  of  the  bright  cusps.  The  observations  \vill 
require  great  nerve  and  will  be  difficult,  but  where  most  difficult 
they  will  be  most  valuable. 

"  ly.  It  seems  doubtful  whether  any  valid  photographic  record 
can  be  made,  on  account  of  the  extreme  rapidity  of  the  change  of 
appearances. 

''18.  If  you  have  a  doubly  refracting  prism,  it  will  be  desirable 
to  make  observations  on  the  polarisation  of  the  light  from 
the  Sun's  limb.  For  this  purpose,  when  the  lune  is  narrow, 
place  the  prism  so  as  to  separate  the  2  images  transversely  to 
the  limb,  and  remark  which  image  is  brighter.  Turn  the  prism 
180°  round  the  visual  ray,  and  repeat  the  observation.  Remark 
carefully  the  positions  of  the  prism.  The  prism  may  be  used 
with  the  naked  eye  or  with  the  telescope,  according  to  the 
amoimt  of  its  angular  separation  of  images. 

"  III.  Meteorological  Observations. 

"  19.  For  change  in  intensity  of  solar  radiation,  observations 
with  the  actinometer  or  the  black-bulb  thermometer  should  be 
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kept  up  during  the  eclipse.  The  latter  are  most  trustworthy  when 
the  bulb  is  enclosed  in  an  exhausted  glass  sphere. 

^'  ao.  The  barometer  should  be  observed  from  time  to  time^  but 
very  frequent  readings  are  unnecessary. 

"  21.  The  thermometer  should  be  frequently  observed,  and  the 
general  feelings  of  cold  should  be  noted. 

"  2%.  Observations  of  humidity  are  very  important.  They 
should  be  made  by  the  use  of  the  wet-bulb  thermometer. 

'<  G.  B.  AIRY.'' 


P  2 
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CHAPTER    IX. 

TRANSITS  OF  THE  INFERIOR  PLANETS. 

C(iu$e  of  the  phenomtna, — Long  inUnxiU  between  eaah  reewrrenoe, — UarftU  for  the 
determining  the  Sun*$  parallax. — Lid  of  traneiii  of  Mercury, — Of  Venui — 
Transit  of  Mercury  of  Nov.  7,  163 1.  —  Predicted  by  Kqder.  —  Observed  by 
Oassendi.—nis  remarks.-^Trantit  of  Nov.  3,  1651.— Oftierwrf  by  ShakerUy. — 
Transit  of  May  3,  1661. — Transit  qf  Nov.  7,  1677.— Ot*€r»  observed  since  that 
date.— Transit  of  Nov.  9, 1848.— 06«r«rt«m»  qf  Datoes.—Of  Fdrster.— Transit  of 
Nov.  1 1,  1861. — Observations  of  BaxendeU.—TransU  of  Venus  of  Nov.  24, 1639. — 
Observed  by  Horrox  and  Orabtree. — Transit  of  June  5,  1761. — Transit  of  June  3, 
1 769. — Where  observed. — Singular  phenomenon  seen  on  both  occasions. — Eaq^lanatory 
hypothesis. — Other  phenomena. 

"VirHEN  an  inferior  planet  is  in  inferior  conjunction,  and  '' has 
*^  a  latitude,  or  distance  from  the  ecliptic,  less  than  the  Sun's 
semi-diameter,  it  will  be  less  distant  from  the  Sun's  centre  than 
such  semi-diameter,  and  will  therefore  be  within  the  Sun's  disc 
In  this  case  the  planet  being  between  the  Earth  and  the  Sun,  its 
dark  hemisphere  being  turned  towards  the  Earth,  it  will  appear 
projected  upon  the  Sun's  disc  as  an  intensely  black  round  spot. 
The  apparent  motion  of  the  planet  being  retrograde,  it  will  appear 
to  move  across  the  disc  of  the  Sun  from  E.  to  W.  in  a  line  sensibly 
parallel  to  the  ecliptic."  Such  a  phenomenon  is  called  a  tratmt,  and 
as  it  can  only  occur  in  the  case  of  inferior  planets  it  is  limited  to 
Vulcan,  Mercury,  and  Venus.  The  observations  of  these  planets — 
or  rather,  in  practice,  of  Venus  only — are  available  for  determining 
the  parallax  of  the  Sun,  from  which  may  be  found  the  distance 
of  the  Earth  from  that  luminary. 

James  Gregory  (the  inventor  of  the  ''Gregorian"  Telescope) 
seems  to  have  been  the  first  to  point  out  this  application  of 
planetary  transit  observations  •. 

The  transits  of  the  inferior  planets  are  phenomena  of  very  rare 

*  Optica  Promota,  p.  130.    For  a  ludd  aooonnt  of  tlufl  method  see  Aliy'i  LeetmrtM 
on  Astronomy,  p.  145. 
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occurrence,  especially  those  of  Venus,  which  occur  only  at  intervals 
of  8,1054,  8,121^,  8,1054,  &c.,  years.  Transits  of  Mercury  usually 
happen  at  intenrals  of  13,  7, 10, 3, 10,  3,  &c.  years.  This,  however, 
is  not  altogether  a  correct  expression  of  the  intervals ;  for,  owing 
to  the  considerable  inclination  of  Mercury^s  orbit,  it  requires  a 
period  of  about  217  years  to  bring  the  transits  round  in  a 
completely  regular  cycle. 

The  following  are  the  dates  of  the  transits  of  Mercury  and 
Venus  from  the  beginning  of  the  19th  centuiy  onwards  ^ : — 


Mercmy. 

VenoB.                              1 

i8oa 

November     . . 

d. 
8 

h. 

ao 

1874 

December     . . 

d.     h. 
8     16 

1815 

November     .. 

II 

H 

1 88a 

December 

6      4 

1833 

November 

4 

14 

aoo4 

June 

7    " 

183a 

May 

5 

0 

30I3 

June 

5    13 

1835 

November 

7 

7 

1117 

December 

10    15 

'845 

May 

8 

8 

3135 

December 

8      3 

1848 

November 

9 

I 

3347 

Jime 

II      0 

1 861 

November     . . 

II 

19 

2355 

June 

8     16 

1868 

November     . , 

4 

18 

3360 

December 

13      13 

1878 

May 

6 

6 

3368 

December     . . 

10        1 

1881 

November     . . 

7 

a 

3490? 

June 

13        3 

1891 

May 

9 

14 

3498 

June 

9      30 

1894 

November     . . 

10 

6 

3603 

December 

15    la 

361 1 

2733^ 
3741 

3846 

3854 

3984 

December 

June 

June 

December 

December 

Jime      . .     .  • 

13  I 

15  7 
la    33 

16  II 

14  0 

14      3 

The  transits  of  Mercury,  owing  to  the  heliocentric  position 
of  the  nodes,  always  happen  in  May  or  November.  When  the 
transit  occurs  in  May,  the  planet  is  passing  through  the  descending 
node,  and  when  in  November,  through  the  ascending  node.  The 
same  remarks  apply  to  the  transits  of  Venus,  save  that  the  months 
are  June  and  December. 


^  Lalande,  Agtron.,  vol.  ii.  pp.  457-^1. 
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The  shortest  transit  of  Mercury  yet  observed  was  that  of  Nov.  i%, 
178a.  It  lasted  only  i'*  14".  The  longest,  that  of  May  7,  1799, 
lasted  7^  18™.     The  average  duration  is  about  4**. 

The  first  observed  transit  of  Mercury  occurred  on  November  7, 
1 63 1,  and  was  predicted  by  Kepler c,  whose  surmise  was  veri- 
fied by  Gassendi  at  Paris.  The  latter  remarks :  ''  The  crafty 
god  had  sought  to  deceive  astronomers  by  passing  over  the 
Sun  a  little  earlier  than  was  expected,  and  had  drawn  a  veil  of 
dark  clouds  over  the  Earth,  in  order  to  make  his  escape  more 
effectual.  But  Apollo,  acquainted  with  his  knavish  tricks  from  his 
infancy,  would  not  allow  him  to  pass  altogether  unnoticed.  To 
be  brief,  I  have  been  more  fortunate  than  those  hunters  after 
Mercury  who  have  sought  the  cunning  god  in  the  Sun;  I  found 
him  out,  and  saw  him  where  no  one  else  had  hitherto  seen  him  ^*' 

The  second  observed  transit  of  this  planet  happened  on  Nov.  3, 
1 65 1.  It  is  chiefly  interesting  to  us  from  the  fact  that  it  was 
observed  by  a  young  Englishman,  Jeremiah  Shakerley ;  who, 
having  found  by  calculation  that  the  phenomenon  would  not  be 
visible  in  England,  went  out  to  Surat  in  India  for  the  purpose 
of  witnessing  it  •. 

The  third  observed  transit  took  place  on  May  3,  1661.  It  was 
observed  in  part  by  Huyghens,  Street,  and  Mercator  in  London, 
and  by  Hevelius  at  Dantzic.  The  last  named  astronomer  was 
astonished  to  find  that  the  angular  diameter  of  the  planet  was 
so  small :  his  determination  of  it  agrees  well  with  modem  results. 

The  fourth  observed  transit  occurred  on  Nov.  7,  1677,  and  is 
noticeable  from  the  fact  of  its  having  been  the  first  which  was 
watched  throughout  (by  Halley)  from  ingress  to  egress. 

The  transits  at  which  anything  of  particular  interest  was  noticed 
are  the  following : — 

Transit  of  Nov.  3,  1697.  Wurzelbauer,  at  Erfurt,  perceived  a 
strange  greyish-white  spot  on  the  dark  body  of  the  planet. 

Transit  of  Nov.  11,  1736.  Plantade  remarked  that  the  disc  of 
the  planet  appeared  surrounded  by  a  luminous  ring. 

Transit  of  May  7,  1799.     Schroter  and  Harding  observed  the 

^  Admonitu)  ad  Astronomog,  &c.  *  Opera  Omnia,  rol.  ii.  p.  537. 

••  Wing,  Astronomia  Britannica,  p.  312. 
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luminous  halo  seen  by  Plantade  in  1736^  and  they  likewise  saw 
two  greyish  spots  on  the  planet  when  on  the  Sun.  They  ascribed 
to  them  a  motion  corresponding  to  the  rotation  they  subsequently 
inferred  from  other  observations.  The  halo  or  ring  was  of  a 
darkish  tinge^  approaching  to  violet. 

Transit  of  Nov.  9,  i8oa.     Fritsch  and  others  saw  a  g^yish  spot. 

Transit  of  May  5, 1832.  Moll,  of  Utrecht,  saw  a  ring  encircling 
the  planet  when  on  the  Sun,  and  also  a  spot  on  its  disc.  Two  spots 
were  seen  by  Harding,  and  Gruithausen  thought  he  saw  one. 

Concerning  the  transit  of  Nov.  8,  1848,  Mr.  W.  R.  Dawes,  who 
observed  it  at  Cranbrook  in  Kent,  says : — ^^  Nothing  remarkable 
was  noticed,  till  Mercury  advanced  on  the  Sun^s  disc  to  about 
three-quarters  of  its  own  diameter,  when  the  cusps  appeared  much 
rounded  off,  giving  a  pear-shaped  appearance  to  the  planet.  The 
degree  of  this  deformity,  however,  varied  with  the  steadiness  and 
definition  of  the  Sun's  edge,  being  least  where  the  definition  was 
lest,  A  few  seconds  before  the  complete  entrance  of  the  planet, 
the  Sun's  edge  became  much  more  steady,  and  the  cusps  sharper, 
though  still  occasionally  a  little  thicker  towards  their  points  by  the 
undulations.  At  the  instant  of  their  junction,  the  definition  was 
pretty  good,  and  they  formed  the  finest  conceivable  line,  Mercury 
appearing  at  the  same  time  ^perfectly  round.  ...  No  difference 
is  recognised  in  the  Nautical  Almanac  between  the  polar  and  equa- 
torial diameters  of  this  planet ;  yet  my  observations,  both  with  the 
5  feet  achromatic  and  the  Gregorian,  shew  a  perceptible  difference, 
and  nearly  to  the  same  amount.  .  .  .  The  compression  would 
appear  to  be  about  -^ '.''  Forster  observed  the  transit  at  Bruges. 
He  remarks  the  extreme  blackness  of  the  planet  compared  with  the 
spots :  the  intensities  he  estimates  at  8  :  5.  He  also  states  that 
the  planet  had  rather  the  appearance  of  a  globe  than  of  a  disc,  and 
the  difference  of  blackness  between  the  planet  and  the  spots  was 
less  remarkable  when  he  used  a  reflector  with  a  red  shade  '. 

The  last  transit  happened  on  Nov.  11,  1861.  In  England 
few  observations  were  made,  owing  to  unfavourable  weather. 
Mr.  Baxendell,  of  Manchester,  remarked  the  excessive  blackness 
of  the  planet  as  compared  with  the  nuclei  of  certain  solar  spots, 

'  Month.  Not.  R.A.S.,  vol.  xi.  p.  21.  »  Ihid.t  p.  4. 
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and  that  the  planet's  contoar  became  pear-shaped  immediately 
before  the  egress^. 

We  now  come  to  the  transits  of  Venus,  which  are  more  important 
and  much  rarer.  In  the  year  1627  Kepler  completed  the  Rudolphine 
Tables,  and  being  thus  in  a  position  to  calculate  the  motions  of  the 
planets  with  far  more  certainty  than  had  ever  been  attained  before, 
he  betook  himself  diligently  to  the  work.  The  first  result  was,  that 
he  ascertained  that  during  1631  both  Mercury  and  Venus  would 
traverse  the  Sun's  disc,  the  former  on  Nov.  7  and  the  latter  on 
Dec.  6 ;  which  information  he  published  in  a  little  tract  in  1629  *. 
Of  the  transit  of  Mercury  I  have  already  spoken.  With  reference 
to  that  of  Venus,  Gassendi  made  preparations  for  observing  it; 
and  though  Kepler's  calculations  were  to  the  effect  that  the  in- 
gress would  not  take  place  till  near  sunset,  the  French  astronomer, 
anticipating  the  possibility  of  the  calculated  times  being  too  late, 
(as  had  been  the  case  with  Mercury  a  few  weeks  previously,)  pre- 
pared to  commence  his  watch  on  Dec.  4,  though  bad  weather 
prevented  him  seeing  the  Sun  till  the  6th.  He  sought  unsuc- 
cessfully for  the  planet  both  on  that  and  on  the  following  day,  and 
it  is  now  well  known  that  the  transit  took  place  on  the  night  of 
the  6-^^. 

The  next  transit  of  Venus  (the  first  actually  observed)  took  place 
on  Nov.  24,  1639  (o.  s.)  Kepler  did  not  anticipate  it,  saying 
that  none  would  take  place  between  1631  and  1761,  and  so  the 
honom*  both  of  predicting  and  of  observing  it  rests  with  a  young 
English  amateur,  Jeremiah  Horrox,  of  Hoole,  15  miles  N.  of 
Liverpool.  Horrox  had  been  engaged  in  computing  the  places  of 
the  planets  by  the  aid  of  Lansberg's  Tables.  Finding  that  these  gave 
very  erroneous  results  he  discarded  them  for  Kepler's,  from  which 
he  found  that  on  the  above  Nov.  24,  Venus,  in  passing  its  inferior 
conjunction,  would  cross  the  heavens  a  little  below  the  Sun.  As 
Lansberg's  Tables  indicated  that  the  planet  would  cross  the  upper 
part  of  the  solar  disc,  he  hoped  that  a  mean  of  the  two  results,  so 
to  speak,  might  be  looked  for,  and  that  he  should  see  the  planet 

*»  Month,  Not.  R.A.S^  vol.  xxii.  p.  43.      anni  1631  phtmomenUt  F€ii€rit  puta  H 
*  Adnumitio  ad  AHronomot  rerumque      Merewrii    in   Bolem    tneunuL      lA^ptam, 
eeUstium  tludioios,  de   mirit    rarisqvie      1629. 
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actually  an  the  Son^  towards  the  lower  extremity  of  its  disc ;  and 
further  calculation  assured  him  that  his  anticipation  would  turn 
out  to  be  correct.  Owing  to  the  shortness  of  the  interval  that 
would  elapse  previous  to  the  actual  occurrence  of  the  transit  he 
was  unable  to  announce  with  sufficient  publicity  the  result  at 
which  he  had  arrived ;  and  as  there  were  no  telegraphs  or  "  limited 
express  mails "  in  those  days^  all  that  he  could  do  was  to  inform 
his  friend  William  Crabtree^  an  enthusiastic  amateur  like  himself^ 
who  resided  at  Broughton^  near  Manchester^  not  many  miles 
distant  from  Hoole. 

Horrox  prepared  to  watch  for  the  planet  by  transmitting  the 
image  of  the  Sun  through  a  telescope  on  to  a  screen  in  a  darkened 
room.  His  final  calculations  gave  3^  p.m.  on  Nov.  24  as  the 
time  of  conjunction  of  the  centres  of  the  Sun  and  planet;  but 
fearing  to  be  too  late^  he  commenced  his  scrutiny  of  the  Sun  on 
Nov.  23.  On  the  following  day  he  began  his  observations  at  Sun- 
rise^ and  continued  them  till  the  hour  of  Church  service.  (It  was 
Sunday.)  As  soon  as  he  was  again  at  leisure — ^that  is  to  say  at 
3^*15™  P.M. —  he  resumed  his  labours^  and,  to  quote  his  own 
words,  "  At  this  time  an  opening  in  the  clouds,  which  rendered 
the  Sun  distinctly  visible,  seemed  as  if  Divine  Providence  en- 
couraged my  aspirations;  when,  O  most  gratifying  spectacle! 
the  object  of  so  many  earnest  wishes,  I  perceived  a  new  spot  of 
unusual  magnitude,  and  of  a  perfectly  round  form,  that  had  just 
wholly  entered  upon  the  left  limb  of  the  Sun,  so  that  the  margin 
of  the  Sun  and  spot  coincided  with  each  other,  forming  the  angle 
of  contact.''  Owing  to  the  near  approach  of  Sunset,  Horrox  was 
unable  to  observe  the  planet  longer  than  half  an  hour ;  but  enough, 
he  had  seen  it,  and  had  been  able  to  take  some  measurements  \ 

Crabtree  had  also  made  arrangements  for  observing  the  phe- 
nomenon. The  Sun  was,  however,  obscured  during  the  whole  of 
the  day,  and  he  had  given  up  in  despair  all  hope  of  seeing  the 
transit,  when,  just  before  Sunset,  the  clouds  broke  up,  and  hasten- 
ing to  his  observing  chamber,  he  saw,  to  his  infinite  delight, 
Venus,  depicted  on  the  Sun's  disc,  transmitted  on  to  a  screen. 
He  was,   according  to   his  own  accoimt,  so  entranced  by  the 

>  Whatton,  Memoir  of  Horrox,  pp.  10^135. 
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spectacle  that  ere  he  recovered  his  Bclf-poseesaiou  the  cloude  had 
again  enshrouded  the  Sun,  and  he  saw  the  planet  no  more.  A 
rough  diagram,  which  he  drew  frem  memory,  he  subsequently 
found  agreed  well  with  one  drawn  by  Horrox. 

No  other  transit  occurred  till  June  5,  1761 :  this  was  observed 
in  many  parts  of  the  world  for  the  purpose  of  ascertaiDiug,  in 
accordance  with  the  special  suggestion  of  Halley,  the  solar 
parallax.  The  results  of  the  different  observations  have  since 
been  found  not  to  coincide  bo  well  as  could  be  wished,  and  it 
is  fortunate  that  results  derived  &om  another  transit  are  now  in 
OUT  poBsessioD. 

Extensive  preparations  were  made  for  observing  the  transit  of 
June  3,  1769,  and  King  George  III  despatched,  at  his  own  ex- 
pense, a  well-equipped  expedition  to  Tahiti  under  the  oommand  of 
the  celebrated  navigator  Captain  James  Cook,  R.N.  Many  of 
the  continental  powers  followed  the  example  of  England,  and 
astronomers  were  sent  out  to  the  most  advantageous  points  for 
observation.  The  chief  of  these  were  St.  Peteraburg,  Pekin, 
Orenburg,  lakutfik,  Manilla,  Batavia,  for  the  egress;  and  Cape 
Wardhus,  Kola  and  Kajeneburg  in  Lapland,  Point  Venus  Tahiti, 
and  Port  Prince  of  Wales  and  St,  Joseph  in  California,  for  the 
entire  pheoomenon.  The  observations  were  long  looked  upon  as 
trustworthy,  but  there  seem  now  good  reasons  for  accepting  a 
Fig.  ;8.  trifling  correction  in  the  final 

results". 

Some  phenomena  were  seen 
in  connexion  with  these  transits 
which  require  a  passing  men- 
tion. It  was  noticed  on  both 
occasions,  and  by  numerous 
observers,  that  the  interior  con- 
tact of  the  planet  with  the  Sun 
did  not  take  place  regularly  at 
the  ingress,  but  that  the  planet 
appeared  for  a  short  time  after  it  had  entered  upon  the  disc  of  the 
Sun  to  be   attached  to  the   Sun's  limb  by  a  dark  ligament.     A 
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Bimilar  pheDomenon  was  noticed  at  the  egress.  It  was  also  fontid 
that  even  after  the  planet  had  got  wholly  clear  of  the  Sun's  limb 
it  did  not  acquire  circularity  for  several  seconds ".  Lalande  sug- 
gested" that  irradiation  was  the  cause  of  these  phenomena,  and 
this  is  doubtless  the  true  explanation. 

It  was  remarked  by  several  observers  of  the  transits  of  1761  and 
1769,  that,  both  at  the  ingress  and  egress,  the  portion  of  the 
limb  of  the  planet  which  was  not  then  projected  on  the  Sun  was 
rendered  perceptible  on  account  of  a  faint  Hg.  79. 

ring  of  light  which  surrounded  it.  More 
than  one  observer  noticed  a  ring  round 
Venus  when  it  was  entirely  teiiAin  the  disc 
of  tbe  Sun,  similar,  it  would  seem,  to  that 
which  has  been  seen  to  surround  Mercury 
when  in  the  same  situation.  Dunn  states 
that  this  annulus  had  a  breadth  of  5"  or 
6",  that  it  waa  somewhat  dusky  towards  VBHusDusiiia  itsTuhut 
the  limb  of  the  planet,  and  that  its  outer  "•  '7*9- 

margin  was  slightly  tinged  with  blue.  Hitchins  describee  it  aa 
excessively  white  and  faint,  and  brightest  towards  the  body  of 
the  planet.  Naime  speaks  of  it  as  brighter  and  whiter  than  the 
body  of  the  Sun.  A  comparison  of  the  different  accounts  seems 
to  shew  that  the  above-described  rings  are  not  identical,  but 
no  sufficient  explanation  has  been  offered  to  account  for  either, 
though  the  latter  has  been  supposed  to  indicate  the  existence  of 
an  atmosphere  around  the  planet  p.  One  observer  is  stated  to 
have  seen  a  light  on  the  disc  possibly  similar  to  that  occasionally 
seen  on  Mercury  during  its  transits  1. 


■>  Vide  Phil.  Tram..  1761,  1763,  1769,  p  For  references  for  all  tbese  itate- 

1774;  nlao  Mtm.  Acad,  da  Srienca  br  menU,   see  Grant's  Biit.  of  Phy/.  AiL, 

the  same  ye&ra.  P-  43 1  - 

"  Mim.  Aaxd.  da   Seteaca,  1770,  p.  i  Apptsd.  Ad,  Ephtia.  Attron.,  17H, 
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CHAPTER    X. 

OCCULTATIONS. 

ffow  earned.— Table  anmuiUy  given,  in  the  *' NmUieal  Almanae"—Occultatum  6y  a 
young  Mwm, — ^tct  of  the  HorizonteU  Parallax. — Projection  qf  Stan  on  the 
Moon*s  dUe.^OecuUoHon  of  Saturn^  May  8,  iSs9-—0ccuUaUon  qf  JupUer, 
January  2,  iB$1.—ffistorical  noHcet, 

WHEN  any  celestial  object  is  concealed  by  the  interposition  of 
another,  it  is  said  to  be  occulted,  and  the  phenomenon  is 
called  an  occultation.  Strictly  speaking,  an  eclipse  of  the  Sun  is 
an  occultation  of  that  luminary  by  the  Moon,  but  usage  has  given 
to  it  the  exceptional  name  of  "  eclipse/'  The  most  important 
phenomena  of  this  kind  are  the  occultations  of  the  planets  and 
larger  stars  by  the  Moon,  but  the  occultation  of  one  planet  by 
another,  on  account  of  the  rarity  of  such  an  occurrence,  is  ex- 
ceedingly interesting.  Inasmuch  as  the  Moon's  apparent  diameter 
is  about  ^^,  it  follows  that  all  stars  and  planets  situated  in  a  zone 
extending  ^^  on  each  side  of  her  path  will  necessarily  be  occulted 
during  her  monthly  course  through  the  ecliptic.  The  great 
brilliancy  of  the  Moon  entirely  overpowers  the  smaller  stars,  but 
the  disappearances  of  the  more  conspicuous  ones  can  be  observed 
in  a  telescope,  and  a  table  of  them  is  inserted  every  year  in  the 
Nautical  Almanac. 

It  must  be  remembered  that  the  disappearance  always  takes 
place  at  the  limb  of  the  Moon  which  is  presented  in  the  direction 
of  its  motion.  Prom  the  epoch  of  its  New  to  that  of  its  Pull  phase^ 
the  Moon  moves  with  the  dark  edge  foremost,  and  firom  the  epoch 
of  its  Pull  to  that  of  its  New  phase  with  the  illuminated  edge  fore- 
most: during  the  former  interval,  therefore,  the  objects  occulted 
disappear  at  the  dark  edge,  and  reappear  at  the  illuminated  edge; 
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and  during  the  latter  period  they  disappear  at  the  illuminated^ 
and  reappear  at  the  dark  edge.  If  the  occultation  be  watched 
when  the  star  disappears  on  the  dark  side  of  the  Moon^  that  is 
to  say  during  the  first  half  of  a  lunation^  and  preferably  when  the 
Moon  is  not  more  than  2  or  3  days  old^  the  disappearance  is 
extremely  striking^  inasmuch  as  the  object  occulted  seems  to  be 
suddenly  exting^uished  at  a  point  of  the  sky  where  there  is  nothing 
apparently  to  interfere  with  it.  Wargentin  relates  that  on  May  18, 
1761^  he  saw  an  occultation  of  a  star  by  the  Moon  during  a  total 
eclipse  of  the  latter.  He  says  that  the  star  disappeared  "  more 
quickly  than  the  twinkling  of  an  eye  &.''  In  consequence  of  the 
effect  of  parallax^  the  Moon^  as  seen  in  the  northern  hemisphere^ 
follows  a  path  different  &om  that  which  it  appears  to  take  a^  seen 
in  the  southern  hemisphere ;  it  happens^  therefore^  that  stars  which 
are  occulted  in  certain  latitudes  are  not  occulted  at  all  in  others^ 
and  of  those  which  are  occulted  the  duration  of  invisibility^ 
and  the  moment  and  place  of  disappearance  and  reappearance^ 
are  different. 

I  must  not  omit  a  passing  allusion  to  a  circumstance  occa- 
sionally noticed  by  the  observers  of  occultations ;  namely^  the 
apparent  projection  of  the  star  within  the  margin  of  the  Moon's 
disc. 

Admiral  Smyth  gives  an  instance^  under  the  date  of  October  15^ 
1829.     He  says: — 

"  I  saw  Aldebaran  approach  the  bright  limb  of  the  Moon  very  Bteadily ;  but  from 
the  haze  no  alteration  in  the  redness  of  its  colour  was  perceptible.  It  kept  the  same 
steady  line  to  about  ^  of  a  minute  inside  the  lunar  disc,  where  it  remained,  as  pre- 
cisely as  I  could  estimate,  2|  seconds,  when  it  suddenly  vanished.  In  this  there 
could  be  no  mistake,  because  I  clearly  saw  the  bright  line  of  the  Moon  ouinde  the 
star,  as  did  also  Dr.  Lee,  who  was  with  me  ^." 

Sir  T.  Maclear  saw  the  same  thing  happen  to  the  same  star  on 
October  23,  1831 : — 

"  Previous  to  the  contact  of  the  Moon  and  star  nothing  particular  occurred ;  but 
at  that  moment,  and  when  I  might  expect  the  star  to  immerge,  it  advanced  upon  the 
Moon's  limb  for  about  3  seconds  and  to  rather  more  than  the  star's  apparent  diameter, 
and  then  instantly  disappeared  ^^ 

^  Phil,  Tram.,  vol.  li.  p.  210.    1761.        projection,  though  F.  Baily  and  others 
^  Mem,  BA.S.,  vol.  iv.  p.  641.    Other      did  not  see  it. 
observers,  Maclear   included,  saw    the  «  Ibid.,  vol.  v.  p.  373. 
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"  This  pheDomenoa  eeetns  to  be  owing  to  the  greater  propor- 
tionate refrangibility  of  the  white  lunar  light,  than  that  of  the  red 
light  of  the  star,  elevating  her  apparent  disc  at  the  time  and  point 
of  contact''." 

In  1699  La  Hire  endeavoured  to  explain  the  apparition  of  stars 
on  the  Moon's  disc  by  supposing  that  the  true  disc  is  accompanied 
by  a  parasitic  light,  or,  as  it  was  formerly  termed,  a  circle  of 
diseipatioD,  which  enlarges  the  star's  apparent  diameter,  and 
through  which  it  shews  itself  before  passing  behind  the  opaque 
part  of  the  lunar  globe.  Arago  accepts  this  theory  with  the  ex- 
planation that  the  observer's  eye-piece  must  be  in  imperfect  focus, 
and  that  so  the  false  disc  is  caused.  The  fact  that  some  have  and 
some  have  not  seen  the  phenomenon  he  considered  confirmatory  of 
this  explanation*. 

A  remarkable  occurrence  was  noticed  by  Mr.  Ralph  Copeland, 
on  the    occasion   of  the    occultation   of  «   Caticri  on   April   26, 

1863:- 

"  About  three-toorthB  of  the  light  diaappfared  id  the  unul  initantuieoiu  Buumo' ; 
and  after  ui  ioterval  of  (oi  near  na  I  caD  jndga)  lalbw  more  than  baU  a  Moond,  th« 
ramuiimg  portion  disappeared." 

Dawes  regarded  this  as  a  decisive  indication  of  the  star  beings 


Fig.  80. 
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double,  though  he  failed  in  verify- 
ing this  surmise'.  On  Oct,  30, 
1863,  I  watched  the  emersion  of 
^'  OrionU,  and  it  was  unqnestion- 
ably  not  instantaneous. 

An  occultation  of  the  planet 
Jupiter  took  place  on  January  a, 
1857.  A  dark  shadowy  streak 
which  appeared  projected  on  the 
planet,  from  the  edge  of  the 
Moon,   was    seen  by    several   ob- 


'  Smyth, 

•  Pop.  A»t.,  vol.  ii.  p.  348,  Eng.  ed. 
For  other  remarks  on  this  phenooienon, 
see  papers  \>y  Airy  in  Mtm.  RA.3„  vol, 
xviii.  and  Moalh.  Not.  B.A.S.,  vol.  lii. 
p.  108,  and  one  by  Stevelly  diMmsing 


'  Month.  Not.   R.A.S.,   toL  uiii.    p. 
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Mr.  W.  SimmSj  Sen.  thus  describes  it : — 

"The  only  remarkable  appearance  noticed  by  me  during  the  emersion  was  the 
very  poRitive  line  by  which  the  Moon's  limb  was  marked  upon  the  planet ;  dark  as 
the  mark  of  a  black-lead  pencil  close  to  the  limb,  and  gradually  softened  off  as  the 
distance  increased'." 

A  representation  of  this  appearance^  from  a  drawing  by  Lassell, 
is  prefixed  [Rg.  80] . 

An  occultation  of  the  planet  Saturn  by  the  Moon  took  place  on 
May  8,  1859.     Mr.  Dawes  thus  describes  it: — 

"  At  the  disappearance,  the  dark  edge  of  the  Moon  was  sharply  defined  on  the 
rings  and  ball  of  the  planet,  without  the  slightest  distortion  of  their  figure.  There 
was  no  extension  of  light  along  the  Moon's  limb.  Even  the  satellites  disappeared 
without  the  slightest  warning,  and  precisely  at  the  edge  which  was  £Euiitly  visible. 

"  At  the  reappearance  I  could  not  perceive  any  dark  shading  contiguous  to  the 
Moon's  bright  edge,  such  as  was  seen  by  myself  and  several  otiier  observers  on 
Jupiter  on  Januazy  3, 1858  [Qy.  1S57].  The  dark  belt  south  of  the  planet's  equator 
was  clearly  defined  up  to  the  very  edge ;  and  there  was  no  distortion  of  any  kind> 
either  of  the  rings  or  ball. 

"The  very  pale  greenish  hue  of  Saturn  contrasted  strikingly  with  the  brilliant 
yellowifih  light  of  the  Moon**." 

Mr.  W.  Simms^  Jun.  did  see  a  dark  shading  on  the  planet 
contiguous  to  the  Moon's  bright  edge;  but  in  1857  he  failed 
to  notice  it. 

In  an  occultation  of  Saturn  on  Oct.  30,  1825,  Messrs.  R. 
Cornfield  and  J.  Wallis  plainly  saw  both  one  ansa  and  the  ball 
JIaitenedK 

The  earliest  phenomenon  of  this  kind  of  which  we  have  any 
mention  is  an  occultation  of  Mars  by  the  Moon,  mentioned  by 
Aristotle^.  Kepler  found  that  it  occurred  on  the  night  of  April 
4,  357  B.c.^  Instances  are  on  record  of  one  planet  occulting 
another,  but  these  are  of  very  rare  occurrence.  Kepler  states 
that  he  watched  an  occultation  of  Jupiter  by  Mars  on  January 
9,  1591.  He  also  mentions  that  Moestlin  witnessed  an  occultation 
of  Mars  by  Venus  on  October  3,  1590.  Mercury  was  occulted  by 
Venus  on  May  17,  1737^.  As  these  observations,  with  the  ex- 
ception of  the  last,  were  made  before  the  invention  of  the  telescope^ 

8  Month.  Not.  R.A5.,  vol.  xvii.  p.  81.  »  Mem.  R.A.S.,  vol.  ii.  p.  457. 

^  Ibid.,  vol.  xix.  p.  741.     Other  ob-  J  De  Cctlo,  lib.  ii.  cap.  I  a. 

servations  will  be  found  at  p.  238  of  the  ''  Ad.  Vitell.  Paralipom.,  p.  307. 

same  volume.  *  Phil.  Trans,,  vol.  xl.  p.  394.    1738. 
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it  is  possible  that  the  one  planet  was  not  actually  in  firont  of  the 
other^  but  only  that  they  were  so  close  together  as  to  have  the 
appearance  of  being  one  object :  as  was  the  case  with  Venus  and 
Jupiter  on  July  21^  1859.  Sometimes  stars  are  occulted  by  planets. 
J.  D.  Cassini  mentions  the  occultation  of  a  star  in  Aquarius  by 
Mars  on  October  i,  167a". 

n  See  ft  paper  on  OccultatioDB  by  A.  C.  Twining  in  Ainer,  Jowm.  f^Scknce,  July, 
1858. 
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CHAPTER    I. 


THE   TIDES. 


*'  O  ye  seas  and  floods,  bless  ye  the  Lord  :  praise  Him,  and  magnify 

Him  for  ever.** — BenedicUe. 


introduction. — Phytical  cause  of  the  Tides, — Attractive  force  exercised  hy  the  Mwm.^^ 
By  the  Sun, — Spring  Tides, — Neap  Tides. — Summary  of  the  principal  facts,-^ 
Priming  and  Lagging, 

T^  VERY  inhabitaDt  of  a  maritime  comitry  like  Grreat  Britain  is 
-*-^  more  or  less  familiar  with  the  phenomena  now  imder  our 
consideration^  but  beyond  knowing  the  general  fact  that  the  Moon 
has  something  to  do  with  them,  the  philosophy  of  tides  is  not  so 
well  understood  as  it  ought  to  be  \ 

These  phenomena  are  very  frequently  attributed  to  the  attrac- 
tion of  the  Moon,  whereby  the  waters  of  the  ocean  are  drawn 
towards  that  side  of  the  Earth  on  which  our  satellite  happens 
to  be  situated ;  in  fact,  that  it  is  high  water  when  the  Moon  is 
on  or  near  the  meridian  of  the  place  of  observation. 

This,  though  to  a  great  extent  true,  by  no  means  adequately 
represents  the  facts  of  the  case,  for  high  water  is  not  only  produced 
on  the  side  of  the  Earth  immediately  imder  the  Moon,  but  also 
on  the  opposite  side  at  the  same  time.    The  two  tides  are  therefore 

*  See  a  paper  by  the  late  Sir  J.  Lubbock,  in  the  Companicn  tothtAJmcmac  for  1830. 
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separated  from  each  other  by  i8o°^  or  by  a  space  equal  to  half  the 
circumference  of  the  globe.  Since  the  diurnal  rotation  of  the 
Earth  causes  every  portion  of  its  surface  to  pass  successively  under 
the  tidal  waves  in  about  24^,  it  follows  that  there  are  everywhere 
%  tides  daily,  with  an  interval  of  about  i  a**  between  each ;  whereas, 
if  the  common  supposition  were  correct,  there  would  be  only  i . 

Such  being  the  observed  facts,  it  now  devolves  on  me  to  shew 
that  although  the  attraction  of  the  Moon  gives  rise  to  the  upper 
tide,  some  other  explanation  must  be  sought  for  to  account  for  the 
lower  one.  The  solution  is  extremely  simple  :  it  is  only  necessary 
to  bear  in  mind  that  not  only  does  the  Moon  attract  the  upper 
mafis  of  water,  but  also  the  solid  globe  itself,  which  is  consequently 
compelled  to  recede  from  the  waters  beneath,  leaving  them  heaped 
up  by  themselves. 

Besides  the  influence  of  the  Moon  in  elevating  the  waters  of  the 
ocean,  that  of  the  Sun  is  to  some  extent  concerned,  but  it  is  much 
more  feeble  than  that  of  the  former,  on  account  of  the  much  greater 
distance  of  the  solar  globe.    The  mean  distance  of  the  Sun  from  the 
Earth  exceeds  that  of  the  Moon  373*33  times,  its  attractive  power 
would  consequently  be  (373*33)*,  or  139,375  times  less;  but  inasmuch 
as  the  mass  of  the  Sun  exceeds  that  of  the  Moon  in  the  ratio  of 
25,180,800  to  I,  which  is  much  greater  than  139,375  to  i,  it  will 
naturally  be  said  that  surely  the  attraction  exercised  by  the  Sun 
exceeds  that  of  the  Moon  in  the  same  proportion  that  25,180,800 
exceeds  139,375.    This,  however,  is  not  the  case,  for  a  reason  which 
I  will  now  state.      It  must  be  borne  in  mind  that  the  tides  are 
due  solely  to  the  inequality  of  the  attraction  exercised  on  different 
sides  of  the  Earth,  and  that  the   greater  that  inequality  is  the 
greater  will  be   the   resulting   tide,  and  vice  versa.     The  mean 
distance  of  the  Sun  from  the  Earth  is  11,537  diameters  of  the 
latter,  and  consequently  the  difference  between  its  distance  firom 
the  one  side  of  the  Earth  and  from  the  other  will  be  only  ^i^gy  of 
the  whole  distance,  while  in  the  case  of  the  Moon,  whose  mean 
distance  is  only  30  terrestrial  diameters,  the  difference  between 
the  distances  from  one  side  and  from  the  other,  reckoned  from 
the  Moon,  will  be  ^  of  the  whole  distance.     The  inequality  of 
the  attraction  (upon  which  the  height  of  the  tidal  wave  depends) 
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is  therefore  much  greater  in  the  case  of  the  Moon  than  of  the  Sun ; 
the  ratio,  according  to  Newton,  being  58  :  23,  or  ai  :  i. 

We  thus  see  that  there  are  a  kinds  of  tides,  lunar  and  solar. 
When  therefore  the  Sun,  Moon,  and  Earth  are  in  the  same  straight 
line  with  each  other,  that  is  to  say,  when  it  is  either  New  or  RM 
Moofiy  the  attractions  of  the  two  former  bodies  act  in  the  flame 
line,  and  we  have  the  highest  tidal  elevations,  and  what  are  known 
as  spring  tides ;  but  when  the  Moon  is  in  quadrature,  or  90"^  from 
the  Sun,  its  attraction  acts  along  a  line  which  is  perpendicular  to 
that  along  which  the  attraction  of  the  Sun  acts,  the  two  tidal 
elevations  are  90°  apart,  and  we  have  the  tides  which  are  called 
neap. 

It  may  be  convenient  for  me  to  state  a  few  general  facts  relating 
to  the  tides : — 

1.  On  the  day  of  New  Moon,  the  Sun  and  Moon  cross  the 
meridian  at  the  same  time,  i.e.  at  noon,  and  at  an  interval  after 
their  passage  (varying  according  to  the  place  of  observation,  but 
fixed  and  definite  for  each  place)  high  water  occurs.  The  water, 
having  reached  its  maximum  height,  begins  to  fall,  and  after  a 
period  of  6^  12™  attains  a  maximum  depression;  it  then  rises  for 
6^  1 2™,  and  reaches  a  second  maximum ;  falls  for  another  interval 
of  6^  12",  and  rises  again  during  a  4*^  interval  of  6^  12°*.^  It  has 
therefore  2  maxima  and  2  minima  in  a  period  of  24^  48™,  which  is 
called  a  tidal  day. 

2.  On  the  day  of  Full  Moon,  the  Moon  crosses  the  meridian  12**^ 
after  the  Sun,  i.e.  at  midnight,  and  the  tidal  phenomena  are  the 
same  as  in  (i). 

3.  As  time  is  reckoned  by  the  apparent  motion  of  the  Sun,  the 
solar  tide  always  happens  at  the  same  hour  at  the  same  place,  but 
the  lunar  tide,  which  is  the  greater,  and  thereby  gives  a  character  to 
the  whole,  happens  48°*  44"  later  every  day ;  it  therefore  separates 
eastward  from  the  solar  tide,  at  that  rate,  and  gradually  becomes 
later  and  later,  till  at  the  periods  of  the  i"*  and  3'*  quarters  of 
the  Moon  it  happens  at  the  same  time  as  the  low  water  of  the 


^  Practically  this  is  somewhat  incor-  place  at  the  mean  moment  between  the 

rectly  expressed,  for  it  is  found  that  the  two  tides,  the  waters  taking  a  shorter 

intermediate  low  water  does  not  take  time  to  rise  than  they  do  to  &11. 

q  2 
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solar  tide:  then  the  elevation  of  the  high^  and  the  depression 
of  the  low  water,  will  be  the  difference  of  the  solar  and  the  lunar 
tides,  and  the  tide  will  be  neap. 

4.  The  difference  in  height  between  the  high  and  low  water  is 
called  the  range  of  the  tide, 

5.  The  spring  tides  are  highest,  especially  those  which  happen 
36'^  after  the  New,  or  Pull  Moon. 

6.  The  neap  tides  are  the  lowest,  especially  those  which  happen 
36^  after  the  Moon  is  in  quadrature. 

7.  The  interval  of  time  from  Noon  to  the  time  of  high  water  at 
any  particular  place  is  the  same  on  the  days  both  of  New  and 
Full  Moon,  and  is  termed  the  Establishment  of  the  part. 

The  reason  why  an  interval  of  time  elapses  between  the  Moon's 
meridian  passage  and  the  time  of  high  water  is,  that  the  waters 
of  the  ocean  have  to  overcome  a  certain  peculiar  effect  of  friction, 
which  cannot  immediately  be  accomplished ;  it  thus  happens  that 
the  lunar  tidal  wave  is  not  found  immediately  under  the  Moon,  but 
follows  it  at  some  distance.  Similar  results  ensue  in  the  case  of  the 
solar  wave.  The  tidal  wave  is  also  affected  in  another  way,  by  the 
continued  action  of  both  these  luminaries,  and  at  certain  periods  of 
the  lunar  month  is  either  accelerated  or  retarded  in  a  way  which  will 
now  be  described :  "  In  the  i"*  and  3^*  quarters  of  the  Moon,  the 
solar  tide  is  westwards  of  the  lunar  one ;  and  consequently  the  actual 
high  water  (which  is  the  result  of  the  combination  of  the  %  waves) 
will  be  to  the  westward  of  the  place  it  would  have  been  at  if  the 
Moon  had  acted  alone,  and  the  time  of  high  water  will  therefore 
be  accelerated.  In  the  a"**  and  4**^  quarters,  the  general  effect  of 
the  Sun  is,  for  a  similar  reason,  to  produce  a  retardation  in  the 
time  of  high  water.  This  effect,  produced  by  the  Sun  and  Moon 
combined,  is  called  the  priming  and  lagging  of  the  tides.  The 
highest  spring  tides  occur  when  the  Moon  passes  the  meridian 
about  i^^  after  the  Sun;  for  then  the  maximum  effect  of  the  2 
bodies  coincides.'^  The  %  tides  following  one  another  are  also 
subject  to  a  variation,  called  the  diurnal  inequality ,  depending  on 
the  daily  change  in  declination  of  the  Sun  and  Moon;  the  laws 
which  govern  it  are,  however,  very  imperfectly  known. 

Guillemin  writes : — "  The  height  of  the  tides  again  varies  with 
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the  declinations  of  the  Moon  and  Sun ;  it  is  by  so  much  greater 
as  the  two  bodies  are  nearer  the  equator.  Twice  a  year,  towards 
March  21  and  Sept.  22^  the  Sun  is  actually  in  the  equator.  If^  at 
the  same  time^  the  Moon  is  near  the  same  plane  the  tides  which 
occur  then  are  the  highest  of  all.  These  are  the  Hquinoctial 
Spring  Tides,  because  the  Earth  is  then  at  the  vernal  or  autumnal 
equinox.  On  the  other  hand^  the  smallest  tides  take  place  towards 
the  solstices^  if  the  Moon  attains  its  smallest  or  its  greatest  me- 
ridional height  at  the  same  time  as  the  Sun.  Lastly^  the  distances 
of  the  Moon  and  Sun  from  the  Earth  have  also  their  influence 
on  the  height  of  the  tides.  Other  things  being  equals  the  height 
of  a  tide  is  greater  or  less,  according  as  the  attracting  bodies  are 
nearer  to  or  farther  from  the  Earth.  Thus  the  tides  of  the  winter 
solstice  are  higher  than  those  of  the  sununer  one  c/' 

^  The  Heavens.    Eng.  ed.,  p.  461, 
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CHAPTER  11. 


Local  disturbing  ir^utnca.  —  Table  of  Tidal  ranget. — If^uence  of  the  Wind. — 
Experiment  of  Smeaton. — Tidal  pJienomena  in  the  Pacific  Ocean, — Remarke  hy 
Beechey, —  Velocity  of  the  great  Terrestrial  Tidal  wave. — Its  oowne  round  the  Earth, 
sketched  by  Johnston,— ^ects  of  Tides  at  BristoL^Instinct  of  animals,— Tides 
extinguished  in  rivers. — HistoriccU  notices. 


WE  have  hitherto  been  considering  the  tidal  wave,  on  the 
supposition  of  the  Earth  being  a  perfect  sphere  uniformly 
covered  with  water,  but  inasmuch  as  this  is  not  the  case,  it 
follows  that  the  actual  phenomena  of  the  tides  are  widely  different 
and  of  a  much  more  complicated  character,  owing  to  the  irregular 
outline  of  the  land,  the  uneven  surface  of  the  ocean  bed,  the  action 
of  winds,  currents,  friction,  &c.  More  especially  are  these  dis- 
turbing influences  rendered  manifest  in  the  difference  of  the  ranges 
of  the  tides  at  different  places  on  the  Earth's  surface.  For  if  the 
surface  of  our  globe  were  entirely  covered  with  water,  the  height 
of  a  solar  tide  would  be  i  ft.  ii^  in.,  and  of  a  lunar  one  4  ft.  o  in. 
The  configuration  of  the  land,  however,  as  I  have  already  men- 
tioned, usually  gives  rise  to  a  much  greater  difference  in  the  level ; 
for  instance,  in  deep  estuaries  or  creeks,  open  in  the  direction  of 
the  tidal  wave,  and  gradually  converging  inward,  the  range  is  very 
much  greater  than  elsewhere,  as  at 

Feet. 

70 
60 

46 

4« 


Bristol  Channel  (off  Chepstow) 

Bay  of  Fundy 

Gallegos  River  (Patagonia) 

Mouth  of  the  Avon 

St.  Malo    . . 

Bristol 

Milford  Haven 


40 
40 
36 
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On  the  other  hand^  where  promontories  or  headlands  jut  out  into 
the  sea,  the  tidal  range  is  frequently  diminished;  thus : — 

Peet. 

Weymouth  . .  . .  . .  . .  . .        7 

The  Needles  . .  . .  . .  . .       9 

Cape  Clear  ..         ..  ..  .»  ..      ii 

In  very  large  open  tracts  of  water,  like  the  Atlantic  or  the  Pacific 
Oceans,  and  in  narrow  confined  seas,  like  the  Baltic,  the  Medi- 
terranean, &c.,  the  elevation  of  the  tidal  wave  is  very  inconsider- 
able ;  thus  : — 


Toulon 

Antium 

Porto  Rico  (8.  Juan) 

South  Pacific 

St.  Helena 


Inches, 
la 

18 
10 
36 


The  usual  range  of  the  tides  at  any  particular  place  is  also 
afiected  by  certain  conditions  of  the  atmosphere.  At  Brest,  a  de- 
pression of  I  inch  in  the  barometric  column  causes  a  difierence  of 
16  in.  in  the  elevation  of  the  high-water  mark;  at  Liverpool,  corres- 
ponding to  the  depression  of  i  in.,  the  difference  is  about  10  in. ;  and 
at  the  London  Docks  about  7  in. :  thus  when  the  barometer  is  low, 
an  unusually  high  tide  may  be  expected,  and  vice  versa.  The  in- 
fluence of  the  wind  is  frequently  very  considerable,  so  much  so 
that  during  a  violent  hurricane,  Jan.  8,  1839,  there  was  no  tide  at 
all  at  Gainsborough  on  the  river  Trent,  a  circumstance  never  before 
recorded.  Smeaton  found  experimentally  in  a  canal  4  miles  long, 
that  the  water-level  at  one  end  was  4  inches  higher  than  at  the 
other,  owing  to  the  force  of  the  wind  acting  on  the  surface  of  the 
water. 

The  tides  in  the  Pacific  Ocean  present  great  anomalies.  I 
extract  the  following  remarks  from  a  missionary  work  published 
some  years  ago : — 

"  It  is,  to  the  missionaries,  a  well-known  fact  that  the  tides  in 
Tahiti  and  the  Society  Islands  are  uniform  throughout  the  year, 
both  as  to  the  time  of  the  ebb  and  flow,  and  the  heights  of  the  rise 
and  fall,  it  being  high  water  invariably  at  noon  and  midnight,  and 
consequently  the  water  is  at  its  lowest  point  at  6  o'clock  in  the 
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morning  and  evening.  The  rise  is  seldom  more  than  i8  inches  or 
2  feet  above  low-water  mark.  It  mnst  be  observed  that  mostly 
once^  and  frequently  twice  in  the  year,  a  very  heavy  sea  rolls  over 
the  reef,  and  bursts  with  great  violence  upon  the  shore.  But  the 
most  remarkable  feature  in  the  periodically  high  sea  is,  that  it 
invariably  comes  from  the  W.  or  S.W.,  which  is  the  opposite 
direction  to  that  from  which  the  wind  blows.  The  eastern  sides 
of  the  island  are,  I  believe,  never  injured  by  these  periodical  in- 
undations. I  have  been  thus  particular  in  my  observations,  for 
the  purpose  of  calling  the  attention  of  scientific  men  to  this  re- 
markable phenomenon,  as  I  believe  it  is  restricted  to  the  Tahitian 
and  Society  Island  Groups  in  the  South  Pacific,  and  the  Sandwich 
Islands  in  the  North.  I  cannot,  however,  speak  positively  re- 
specting the  tides  at  the  islands  eastward  of  Tahiti;  but  all  the 
islands  I  have  visited  in  the  same  parallel  of  longitude  south- 
wards, and  in  those  to  the  westward  in  the  same  parallel  of 
latitude,  the  same  regularity  is  not  observed,  but  the  tides  vary 
with  the  Moon,  both  as  to  the  time  and  the  height  of  the  rise 
and  fall,  which  is  the  case  at  Raratonga.^' 

The  late  Admiral  Beechey  is  the  only  person  that  I  am  aware 
of  who  has  given  any  solution  to  the  question,  and  he  proposes 
as  a  simile,  a  basin  to  represent  the  harbour,  over  the  margin  of 
which  the  sea  breaks  with  considerable  violence,  thereby  throwing 
in  a  larger  body  of  water  than  the  narrow  channels  can  carry  off  in 
the  same  time,  and  consequently  the  tide  rises,  and  as  the  wind 
abates  the  water  subsides. 

The  writer  above  quoted  objects  to  this  explanation,  and  he 
brings  forward  several  arguments,  and  states  several  &cts,  of  which 
the  following  is  an  abstract : — 

1.  The  undeviating  regularity  of  the  tide  is  so  well  under- 
stood by  the  natives  that  they  distinguish  the  hours  of  the  day  by 
terms  descriptive  of  its  state,  such  as  the  following :  "  Where  is 
the  tide?'*  instead  of,  as  we  should  say, ''  What  o'clock  is  it?'' 

a.  There  are  many  days  during  the  year  when  it  is  perfectly 
calm,  and  yet  the  tide  rises  and  falls  in  the  same  way,  and  very 
frequently  there  are  higher  tides  in  calms  than  during  the  pre- 
valence of  the  trade  wind. 
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3.  The  tides  are  equally  r^^olar  on  the  west  side  of  the  island^ 
where  the  trade  wind  does  not  reach^  as  on  the  east^  from  which 
point  it  blows. 

4.  The  trade  wind  is  most  powerful  from  noon  till  4  or  5  o'clock, 
during  which  time  the  water  ebbs  so  fast  that  it  reaches  its  lowest 
level  by  6  o'clock,  instead  of  in  the  morning,  as  Admiral  Beechey 
states,  at  which  time  it  is  again  high  wat'Cr. 

Admiral  Beeche3r's  explanation  does  not  seem  a  satisfactory  one, 
but  we  are  not  yet  in  possession  of  any  other. 

The  velocity  of  the  tidal  wave  is  subject  to  much  variation,  and 
we  are  not  yet  in  a  position  to  lay  down  the  laws  which  govern  it ; 
if  the  whole  globe  were  uniformly  covered,  the  velocity  would  be 
rather  more  than  locx)  miles  per  hour  (7926x3*  1415-^24' 8).  It 
is  probably,  however,  nowhere  equal  to  this,  unless  perhaps  in  the 
Antarctic  Ocean.  The  following  table  of  velocities  is  given  by 
Whewell  • : — 

Miles. 


In  latitude  60*  S 

670 

In  the  Atlantic  . . 

700 

Azores  to  Cape  Clear     .. 

500 

Cape  Clear  to  Duncansby  Head 

160 

Buchan  Ness  to  Sunderland     . . 

60 

Scarborough  to  Cromer . . 

35 

North  Foreland  to  London 

30 

London  to  Richmond     . . 

13 

Concerning  the  general  character  of  the  great  terrestrial  tidal 
'  wave,  I  cannot  do  better  than  quote  the  following  description  by 
a  well-known  eminent  geographer : — 

'^  The  Antarctic  is  the  cradle  of  tides.  It  is  here  that  the  Sun 
and  Moon  have  presided  over  their  birth,  and  it  is  here,  also,  that 
they  are,  so  to  speak,  to  attend  on  the  guidance  of  their  own 
congenital  tendencies.  The  luminaries  continue  to  travel  round 
the  Earth  (apparently)  from  east  to  west.  The  tides  no  longer 
follow  them.  The  Atlantic,  for  example,  opens  to  them  a  long, 
deep  canal,  running  from  north  to  south,  and  after  the  great  tidal 
elevation  has  entered  the  mouth  of  this  Atlantic  canal,  it  moves 
continually  northward;  for  the  second  12  hours  of  its  life  it  travels 

»    Phil.  TranB.,  vol.  cxxiii.  p.  a  1 3.     1833. 


284     Miscellaneous  Astronomical  Phenomena.    [Book  in. 

north  from  the  Cape  of  Good  Hope  and  Cape  Horn,  and  at  the 
end  of  the  first  24  hoars  of  its  existence,  has  brought  high  water 
to  Cape  Blanco  on  the  west  of  Africa,  and  Newfoundland  on  the 
American  continent.  Turning  now  round  to  the  eastward,  and  at 
right  angles  to  its  original  direction,  this  great  tidal  wave  brings 
high  water,  during  the  morning  of  the  2^  day,  to  the  western 
coasts  of  Ireland  and  England.  Passing  round  the  northern  cape 
of  Scotland,  it  reaches  Aberdeen  at  noon,  bringing  high  water  also 
to  the  opposite  coasts  of  Norway  and  Denmark.  It  has  now  been 
travelling  precisely  in  the  opposite  direction  to  that  of  its  genesis, 
and  in  the  opposite  direction,  also,  to  the  relative  motion  of  the 
Sun  and  Moon.  But  its  erratic  course  is  not  yet  complete.  It 
is  now  travelling  from  the  northern  mouth  of  the  German  Ocean 
southwards.  At  midnight  of  the  2^  day  it  is  at  the  mouth  of  the 
Thames,  and  wafts  the  merchandise  of  the  world  to  the  quays  of 
the  port  of  London.  In  the  course  of  this  rapid  journey  the 
reader  will  have  noticed  how  the  lines  [on  the  map]  in  some 
parts  are  crowded  together  closely  on  each  other,  while  in  others 
they  are  wide  asunder.  This  indicates  that  the  tide-wave  is 
travelling  with  varying  velocity.  Across  the  southern  ocean  it 
seems  to  travel  nearly  locx)  miles  an  hour,  and  through  the 
Atlantic  scarcely  less ;  but  near  some  of  the  shores,  as  on  the  coast 
of  India,  as  on  the  east  of  Cape  Horn,  as  round  the  shores  of 
Great  Britain,  it  travels  very  slowly ;  so  that  it  takes  more  time 
to  go  from  Aberdeen  to  London  than  over  the  arc  of  120**  which 
reaches  from  60°  of  southern  latitude  to  60°  north  of  the  Equator. 
These  differences  have  still  to  be  accounted  for;  and  the  high 
velocities  are  invariably  found  to  exist  where  the  water  is  deep, 
while  the  low  velocities  occur  in  shallow  water.  We  must 
therefore  look  to  the  conformation  of  the  shores  and  bottom 
of  the  sea  as  an  important  element  in  the  phenomena  of  the 
tides  ^'' 

The  effects  of  tides  on  rivers  are  often  very  striking;  especially 
is  this  the  case  with  the  Avon  at  Bristol :  when  the  tide  is  at  its 
ebb,  the  river  is  little  better  than  a  shallow  ditch,  but  when  the 
waters  have  risen  to  the  maximum  height,  an  insignificant  stream 

*  Johnston,  Phyi,  Atlas. 
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is  converted  into  a  broad  and  deep  channel^  navigable  by  the 
largest  Indiamen. 

The  instinct  of  animals  in  respect  of  the  tides  is  often  very 
remarkable.  A  Scotch  writer  observes:  ''The  accuracy  with 
which  cattle  calculate  the  times  of  ebb  and  flow^  and  follow  the 
diurnal  variations,  is  such,  that  they  are  seldom  mistaken,  even 
when  they  have  many  miles  to  walk  to  the  beach.  In  the  same 
way  they  always  secure  their  retreat  &om  these  insulated  spots 
in  such  a  manner  that  they  are  never  surprised  and  drowned^.'' 

In  their  passage  up  rivers,  tides  are  gradually  extinguished,  as 
will  be  seen  fix)m  the  following  table  relating  to  the  Thames  * : — 


Height. 

Distance  flrom  Mouth. 

London  (Docks) 

..      i8ft. 

loin. 

6o 

Putney    .. 

..       lO 

3 

67i 

Kew        

..       7 

I 

73 

Bichmond 

..       3 

lO 

..         76 

Teddington 

I 

4i 

79 

At  certain  places  on  the  coast  of  Hampshire  and  Dorsetshire 
the  waters  of  the  ocean  ebb  and  flow  twice  in  I2  hours  instead 
of  only  once,  as  is  usual  elsewhere.  Southampton,  Christchurch, 
Poole,  Weymouth,  and  the  Firth  of  Forth,  may  be  mentioned  as 
places  where  this  singular  phenomenon  has  been  observed  •. 

Another  abnormal  tidal  phenomenon,  presenting  some  remark- 
able features,  occurs  once  a  year  in  the  river  Severn,  and  in  some 
few  other  rivers  of  the  same  character  as  regards  the  formation  of 
their  banks.  This  is  the  '^  hygre,''  or  "  bore,''  and  is  due  to  the 
fact  that  a  wide  estuary  at  the  mouth  of  the  river  suddenly 
contracts  like  a  funnel.  The  result  is,  that  the  estual  spring  tide 
rushes  up  with  an  overpowering  force,  carrying  all  before  it.  This 
further  peculiarity  likewise  subsists :  namely,  that  there  is  no 
"  slack- water,''  as  is  ordinarily  the  case  in  other  rivers,  between 
the  ebb  and  flow  of  the  tide.  The  approach  of  the  bore  on  the 
Severn  may  be  heard  at  a  considerable  distance  roaring,  as  it 
were,  in  its  upward  progress.  The  head  is  about  3  feet  high, 
and  frequently  does  a  good  deal  of  mischief  to  property.  The 
maximum  efiect  is  at  the  4*^  tide  after  the  Full  Moon. 


'  Mac  Culloch,  Highlands  and  Wettem 
Inles  of  Scotland, 


<»  PAi/.  TrafU.,  vol.  cxxiii.  p.  ao4.    1833. 
•  Tbt'd.,  p.  226. 
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The  evident  connexion  between  the  periods  of  the  tides  and 
those  of  the  phases  of  the  Moon  led  to  these  phenomena  being 
attributed  to  her  action  long  before  their  tme  theory  was  under- 
stood. Pjrtheas  of  Marseilles  is  said  to  have  been  the  first  to 
point  this  out^  Julius  Caesar  adverts  to  the  connexion  existing 
between  the  Moon  and  spring  tides  «. 

Another  well-known  ancient  philosopher  says:  ''.£stus  maris 
accedere  et  reciprocare,  maxime  mirum :  pluribus  quidem  modis : 
verum  causa  in  sole  lundque^"  Kepler  clearly  indicated  that 
the  principle  of  gravitation  is  concerned' — an  opinion  from 
which  Gralileo  strongly  dissented^.  Wallis^  in  1666,  also  pub- 
lished a  tidal  theory  ^  Before  Sir  Isaac  Newton  turned  his 
attention  to  this  subject^  the  explanations  given  were  at  best  but 
vague  surmises.  '^  To  him  was  reserved  the  glory  of  discovering 
the  true  theory  of  these  most  remarkable  phenomena,  and  of 
tracings  in  all  its  details,  the  operation  of  the  cause  which  produces 
them".'' 


'  Plutarch,  De  PlaeUta,  lib.  iii.  cap.  1 7. 
«  De  BtUo  QaUieo,  lib.  iv.  cap.  19. 
^  Pliny,  ffitt.  Nat.,  lib.  ii.  cap.  99. 
»  Jgr/>M/.  ^«<.,  p.555. 
*  JHaloghi, 


1  PkU,  Tram.,  vol.  L  p.  363.     1666. 

™  On  the  subject  of  the  tides  generally, 
a  paper  by  T.  Carrick,  in  voL  lii  of  the 
Memoirs  of  the  LUerairy  amd  PkUotopkiecU 
Society  of  Manehetter,  may  be  oonmilted. 
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CHAPTER   III. 


PHYSICAL  PHENOMENA. 

Variation  in  the  obliqwUy  of  the  EdipUe. — Preeetsion. — Its  value, — Its  phyeieal 
cause, — Correction  for  Precession, — History  of  its  discovery, — Nutation^ — Her' 
scheTs  d^ni^ion  of  U, — Connexion  between  Precession  and  NutaHon.  , 

jrp^ARIATION  in  the  Obliquity  of  the  Ecliptic.— Althoxxgh  it  is 
^  sufficiently  near  for  aU  general  purposes  to  consider  the 
inclination  of  the  plane  of  the  ecliptic  as  invariable^  yet  this  is 
not  strictly  the  case^  inasmuch  as  it  is  subject  to  a  small  but 
appreciable  change  of  46*45"  (C.  A.  F.  Peters)  per  century.  This 
phenomenon  has  long  been  known  to  astronomers,  on  account 
of  the  increase  it  causes  in  the  latitude  of  all  stars  in  some 
situations,  and  corresponding  decrease  in  the  opposite  regions. 
Its  effect  at  the  present  time  is  to  diminish  the  inclination  of 
the  two  planes  of  the  equator  and  the  ecliptic  to  each  other ;  but 
this  diminution  will  not  go  on*  beyond  certain  very  moderate 
limits,  after  which  it  will  again  increase,  and  thus  oscillate  back- 
wards and  forwards  through  an  arc  of  1°  %i'  \  the  time  occupied 
in  one  oscillation  being  about  io,ocx)  years.  One  effect  of  this 
variation  of  the  plane  of  the  ecliptic— that  which  causes  its  nodes 
on  a  fixed  plane  to  change-^is  associated  with  the  phenomena  of 
the  precession  of  the  equinoxes,  and  undistinguishable  from  it, 
except  in  theory^. 

Precession, — ^The  precession  of  the  equinoxes  is  a  slow  but  con- 

•  Compare  Genesis  viii.  22.  the  epoch  of  Jannaiy  i,  1866,  is  23'  27' 

^  The  inclination  of  the  ecliptic  for      24*2  r'. 
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tinual  shifting  of  the  equinoctial  points  from  East  to  West<^. 
Celestial  longitudes  and  right  ascensions  are  reckoned  from  the 
vernal  equinox^  and  if  this  was  a  fixed  pointy  the  longitude  of 
a  star  would  never  vary,  but  would  remain  the  same  from  age 
to  age.  Such,  however,  is  not  the  case ;  as  it  has  been  found  that 
apparently  all  the  stars  have  changed  their  places  since  the  first 
observations  were  made  by  the  astronomers  of  antiquity.  Two 
explanations  only  can  be  given  to  account  for  this  phenomenon : 
we  must  either  suppose  that  the  whole  firmament  has  advanced 
forwards,  or  that  the  equinoctial  points  have  gone  backwards. 
And  as  these  points  depend  on  the  Earth's  motion,  it  is  far  more 
reasonable  to  suppose  that  the  phenomenon  is  owing  to  some  per- 
turbation of  our  globe  rather  than  that  the  starry  heavens  should 
have  a  real  motion  relative  to  these  points.  The  latter  explanation 
is  accordingly  adopted,  namely,  that  the  equinoxes  have  a  periodical 
retrograde  motion  from  East  to  West,  thereby  causing  the  Sun  to 
arrive  at  them  sooner  than  it  otherwise  would  had  these  points 
remained  stationary.  The  annual  amount  of  this  motion  is,  however, 
exceedingly  small,  being  only  equal  to  50*2";  *  and  since  the  circle 
of  the  ecliptic  is  divided  into  360°,  it  follows  that  the  time  occupied 
by  the  equinoctial  points  in  making  a  complete  revolution  of  the 
heavens  is  ^5,8 16  years.  It  is  owing  to  precession  that  the  pole-star 
varies  from  age  to  age,  and  also  that  whilst  the  sidereal  year,  or 
actual  revolution  of  the  Earth  round  the  Sun,  is  365*  6^  9™  9-6% 
the  equinoctial,  solar,  or  tropical  year  is  only  365*  ^  48™  49'7'. 
The  successive  returns  of  the  Sun  to  the  same  equinoctial  points 
must  therefore  precede  its  return  to.  the  same  point  on  the  ecliptic 
by  ao™  20*  of  time,  or  50'2"  of  arc.     It  is  also  on  account  of  the 


«  It  may  be  well  to  mention  that  the 
equinoxes  are  the  two  points  where  the 
ecliptic  cuts  the  equator  ;  and  so  called 
because  when  the  Sun  in  its  annual 
course  arrives  at  either  of  them,  day  and 
night  are  equal  throughout  the  world. 
The  point  where  the  Sun  crosses  the 
equator,  going  north,  is  known  as  the 
vtmcd  eqiUnox;  and  the  opposite  point, 
through  which  the  Sun  passes  going 
south,  as  the  autumnal  equinox.  These 
intersecting  points  are  also  termed  nodes, 
and  an  imaginary  line  joining  the  two, 
the  line  of  nodts.     The  ascending  node 


(Q)  answers  to  the  yemal  equinox,  and 
the  descending  (  Q  )  to  the  autumnal. 

^  Bessel,  by  a  careful  discussion  of  the 
most  reliable  observations,  fixed  the  value 
of  general  precession  for  the  epoch  of  1 750 
at  50*21129",  and  the  value  of  luni-solar 
precession  at  50*37572".  For  the  epoch 
of  1800  he  gave  for  the  value  of  the 
latter  50*36354".  The  lunar  preoeasion 
is  about  2^  times  the  solar  preceesioo,  just 
as  the  lunar  tide  is  a^  tmies  the  solar 
tide,  and  for  much  toe  same  reason, 
namely,  the  diffsrenoe  of  the  attnu)- 
tions. 
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precession  of  the  equinoxes  that  the  signs  of  the  ecliptic  do  not 
now  correspond  with  the  constellations  of  the  same  name^  but  lie 
about  28°  westward  of  them.  Thus,  that  division  of  the  eclip- 
tic known  as  the  si^n  of  Taurus  lies  in  the  constellation  Aries, 
the  sign  of  Aries  having  passed  into  Pisces.  It  should  be  re- 
marked, however,  that  the  signs  and  constellations  coincided  with 
one  another  about  185  B.C.  In  recent  times,  the  attempts  that 
have  been  made  to  establish  the  motion  of  the  solar  system  through 
space  have  rendered  an  accurate  knowledge  of  precession  indis- 
pensable ;  and  the  elaborate  researches  of  the  Russian  astronomers, 
MM.  C.  A.  F.  Peters  and  Struve,  have  led  to  a  slight  modification 
in  the  value  of  the  constants  of  precession  adopted  bj  Bessel% 
which  may  lead  to  important  results. 

^^  The  cause  of  precession  is  to  be  found  in  the  combined  action 
of  the  Sun  and  Moon'  upon  the  protuberant  mass  of  matter 
accumulated  at  the  Earth^s  equator,  the  attraction  of  the  planets 
being  scarcely  sensible*.  The  attracting  force  of  the  Sun  and 
Moon  upon  this  shell  of  matter  is  of  a  two-fold  character ;  one 
parallel  to  the  equator,  'and  the  other  perpendicular  to  it.  The 
tendency  of  the  latter  force  is  to  diminish  the  angle  which  the 
plane  of  the  equator  makes  with  the  ecliptic ;  and  were  it  not  for 
the  rotatory  motion  of  the  Earth,  the  planes  would  soon  coincide ; 
but,  by  this  motion,  the  planes  remain  nearly  constant  to  each 
other.  The  effect  produced  by  the  action  of  the  force  in  question 
is,  however,  that  the  plane  of  the  equator  is  constantly,  though 
slowly,  shifting  its  place  in  the  manner  we  have  endeavoured  to 
describe.'^ 

In  the  reduction  of  astronomical  observations  the  correction  to 
be  applied  for  precession  in  right  ascension,  is  almost  always 
additive ;  increasing  in  the  regions  round  the  poles  of  the  heavens, 
but  dwindling  to  zero  near  the  poles  of  the  ecliptic.  It  is  in  the 
space  included  between  these  poles  in  each  hemisphere  that  the 
correction  becomes  subtractive;  in  the  northern  hemisphere,  this 
small  space  comprehends  the  constellations  lying  near  the  XVIII*^ 

^  Tabula  Eegiomontance.  precession,  given  at  any  time,  includes 

'  Called  hence,  luni-solar  precession.  the  variation  caused  by  the  planets,  it  is 

K  When  the  value  of  the  constant  of       called  the  constant  of  genercU  precession. 
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hour  of  B. A.^  that  being  the  B. A.  of  the  north  ecliptic  pole ;  and 
in  the  southern  hemisphere^  the  constellation  lying  near  the  YI^ 
hour^  that  being  the  B.A.  of  the  south  ecliptic  pole.  The  remarks 
we  have  just  made  apply  only  to  those  stars  whose  declination  north 
or  south  exceeds  67"".  The  annual  precession  in  declination^  how- 
ever^ depends  on  the  starts  right  ascension^  both  as  to  amount  and 
direction.  At  VI  and  XYUI  hours  it  is  at  zero ;  at  XII  hours  it 
reaches  the  northern  maximum  of  20" ;  and  at  XXIV  it  reaches  a 
similar  southern  maximum.  From  XVIII  to  XXTV  hours,  and 
from  XXrV  to  VI  hours,  the  precession  is  N.,  consequently  additive 
to  stars  of  north  declination,  but  subtractive  from  those  of  south 
declination :  but  from  VI  to  XVIII,  the  precession  being  S.,  it  is 
additive  to  southern,  and  subtractive  from  northern  stars. 

The  discovery  of  precession  dates  from  about  125  B.C.,  when  it  was 
detected  by  Hipparchus,  by  means  of  a  comparison  of  his  own 
observations  with  those  of  Timocharis  and  Aristyllus,  made  about 
178  years  previously:  its  existence  was  afterwards  confirmed  by 
Ptolemy  ^,  It  was  Copernicus,  however,  who  first  gave  the  true 
explanation  of  the  phenomenon,  and  Newton  who  discovered  its 
physical  cause. 

Nutation  *. — It  must  be  borne  in  mind  that  the  eflTect  of  preces- 
sion varies  according  to  the  time  of  year,  on  account  of  the 
ever-varying  distance  of  the  Earth  from  the  Sun.  Twice  a 
year,  at  the  equinoxes,  the  influence  of  the  Sun  is  at  zero ;  and 
twice  a  year  also,  at  the  solstices,  it  is  at  its  maximum.  On  no 
two  successive  days  is  it  of  exactly  the  same  value,  and  con- 
sequently the  precession  of  the  equinoctial  points  must  be  uneven, 
and  the  obliquity  of  the  ecliptic  subject  to  a  half-yearly  variation ; 
since  the  Sun's  force  which  changes  the  obliquity  is  constantly 
varying,  while  the  rotation  of  the  Earth  is  continuous.  This  then 
gives  rise  to  a  small  oscillating  motion  of  the  Earth's  axis,  termed 
the  solar  nutation :  of  a  far  more  considerable  amount,  however,  is 
the  value  of  the  nutation  arising  from  the  agency  of  the  Moon ;  so 
much  so  that  it  was  detected  by  Bradley  before  its  exisf^ence  had 
been  inferred  from  theory  K 

^  Almagest,  lib.  vii.  i  NfHUMOt  nodding, 

k  Phil,  Trant.,  vol.  xlv.  p.  i  e<  «eg.   1748. 
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I  cannot  better  explain  the  nature  of  precession  than  in  nearly 
the  words  of  Sir  J.  Herschel^  who  says  i — *'  The  nutation  of  the 
Earth's  axis  is  a  small  and  slow  gyratory  movement^  by  which^  if 
subsisting  alone^  the  pole  would  describe  among  the  stars^  in  a 
period  of  iS^  years^  a  minute  ellipse  having  its  longer  axis  equal  to 
18-5",  and  its  shorter  to  1374"  (the  longer  being  directed  towards 
the  pole  of  the  ecliptic^  and  the  shorter  of  course  at  right  angles  to 
it) ;  the  semi-axis  major  is^  therefore^  equal  to  9*25^',  which  quantity 
is  called  the  coefficient  of  nutation  ^  The  consequence  of  this  real 
motion  of  the  pole  is  an  apparent  advance  and  recess  of  all  the 
stars  in  the  heavens  to  the  pole  in  the  same  period.  Since,  also, 
the  place  of  the  equinox  on  the  ecliptic  is  determined  by  the  place 
of  the  pole  in  the  heavens^  the  same  agency  will  cause  a  small 
alternating  motion  to  and  fro  of  the  equinoctial  points,  by  which, 
in  the  same  periods^  both  the  longitudes  and  the  right  ascensions 
of  the  stars  will  be  alternately  increased  and  diminished. 

^^  Precession  and  nutation,  although  for  convenience  here  con- 
sidered separately,  in  reality  exist  together ;  they  are,  in  fact,  con- 
stituent parts  of  the  same  general  phenomenon :  and  since,  while 
in  virtue  of  this  nutation,  the  pole  is  describing  its  little  ellipse 
of  18*5"  in  diameter,  it  is  carried  on  by  the  greater  and  regularly 
progressive  motion  of  precession  over  so  much  of  its  circle  round 
the  pole  of  the  ecliptic  as  corresponds  to  18^  years — that  is  to  say, 
over  an  angle  18^  times  50*  i"  round  the  centre  (which,  in  a  small 
circle  of  23°  28'  in  diameter,  corresponds  to  6'  20",  as  seen  &om 
the  centre  of  the  sphere) ;  the  path  which  it  will  pursue  in  virtue 
of  the  joint  influence  of  the  2  motions  will  be  neither  an  ellipse 
nor  an  exact  circle,  but  a  slightly  undulating  ring. 

'^  These  movements  of  precession  and  nutation  are  common  to 
all  the  celestial  bodies,  both  fixed  and  erratic;  and  thin^ circum- 
stance makes  it  impossible  to  attribute  them  to  any  other  cause 
than  the  real  motion  of  the  Earth's  axis,  as  we  have  described. 
Did  they  only  afiect  the  stars,  they  might,  with  equal  plausibility, 
be  considered  as  arising  from  a  real  rotation  of  the  starry  heavens 

1  Other  values  are :  Busch's  9*2320",      value  finaUy  adopted  by  Peten.     (Nur 
Lundahl's  9*21 64'',  C.  A.  Peters  9 '  a 36 1 ".      menu  Corutans  NutaUonia.) 
A  mean  of  these,  namely  9*3331",  is  the 

R 
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as  a  solid  shell  round  our  axis^  passing  through  the  poles  of  the 
ecliptic  in  1^5^868  years,  and  a  real  elliptic  gyration  of  tAai  axis  in 
rather  more  than  18  years:  but  since  they  also  affect  the  Sun^ 
Moon,  and  planets,  which,  having  motions  independent  of  the 
general  body  of  the  stars,  cannot  without  extravagance  be  supposed 
to  be  attached  to  the  celestial  conclave,  this  idea  £sJls  to  the  ground; 
and  there  only  remains,  then,  a  real  motion  of  the  Earth  by  which 
they  can  be  accounted  for  ™/' 

^  Treatise  on  Ait.,  p.  17a.  1833.  In  the  original  version  strikes  me  as  being 
his  Outlinee  of  Aetronomy  Sir  Jo^  has  the  better  one  of  the  two,  and  therefore 
altered  this  statement  ol  nutation,  but      I  retain  it  here. 
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CHAPTER    IV. 

OPTICAL-ILLUSION  PHENOMENA. 

Aberration, — The  ccnstant  of  AbenxUion, — Familiar  tUuitraUcn, — ffietory  of  the 
circtanttances  which  led  to  iU  diecovery  by  Bradley. — Parallax^ — SxpUtnation  qf 
its  nature. — PamMax  of  the  heavenly  bodiee, — ParaUax  of  the  Moon. — Import- 
ance of  a  correct  determination  of  the  Parallax  of  an  object. — Leonard  Diggea  om 
the  distance  of  the  Planets  from  the  Earth. 

y^BERRATION. — ^The  aberration  of  light  is  another  important 
-^^-^  phenomenon  which  requires  to  be  taken  into  consideration 
in  the  reduction  of  astronomical  observations.  Although  light 
travels  with  the  enormous  velocity  of  (about)  i84,ocx)  miles  per 
second — ^a  speed  so  great,  that  for  all  practical  terrestrial  purposes 
we  may  consider  it  to  be  propagated  instantaneously;  yet  the 
astronomer,  who  has  to  deal  with  distances  of  millions  of  miles  is 
obliged  to  be  more  particular.  A  simple  illustration  will  shew  this : 
the  mean  distance  of  our  globe  from  the  Sun  is  91,400,000  miles, 
and  since  light  travels  at  the  rate  of  184,000  miles  per  second, 
we  ascertain  by  a  mere  arithmetical  process  that  the  time  occu- 
pied by  a  ray  of  light  in  reaching  us  from  the  Sun  is  8™  I7'a% 
so  that  in  point  of  fact,  in  looking  at  the  Sun  at  a  givei^^ioment, 
we  do  not  see  it  shining  as  it  is,  but  as  it  did  8™  i7*a'  previously. 
If  the  Earth  were  at  rest,  this  would  be  all  very  well;  but  since 
the  Earth  is  in  motion,  when  the  solar  ray  enters  the  eye  of  a 
person  on  its  surface,  he  will  be  some  way  removed  fix)m  the  point 
in  space  at  which  he  was  situated  when  the  ray  left  the  Sim; 
he  will  consequently  see  that  luminary  behind  the  true  place  it 
actually  occupies  when  the  ray  enters  his  eye.     In  the  course  of 

R  2 
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gm  ly.jji  the  Earth  will  have  advanced  in  its  orbit  ao'4i9a";  this 
quantity  is  called  the  constant  of  aberration  *.  Aberration  may  be 
summed  up  as  a  phenomenon  resulting  from  the  combined  effect  of 
the  motion  of  light  and  the  Earth^s  motion  in  its  orbit  ^.  Suppose 
a  ball  let  fall  from  a  point  P  above  the  horizontal  line  AB^  and 
a  tube,  of  which  A  is  the  lower  extremity,  placed  to  receive  it ; 
if  the  tube  were  fixed  the  ball  would  strike  it  on  the  lower  side, 
but  if  the  tube  were  carried  forward  in  the  direction  AB,  with  a 
velocity  properly  adjusted  at  every  instant  to  that  of  the  ball, 
while  preserving  its  inclination  to  the  horizon,  so  that  when  the 


Abibbation. 

ball  in  its  natural  descent  reached  B,  the  tube  would  have  been 
carried  into  the  position  BQ,  it  is  evident  that  the  ball  throughout 
its  whole  descent  would  be  found  in  the  tube;  and  a  spectator 
referring  to  the  tube  the  motion  of  the  ball,  and  carried  along 
with  the  former,  unconscious  of  its  motion,  would  fancy  that  the 
ball  had  been  moving  in  an  inclined  direction  and  had  come 
from  Q.  The  following  similes  are  frequently  made  use  of  to 
exemplify  aberration :  a  shower  of  rain  descending  perpendicularly 
will  appear  to  fall  in  its  true  direction  to  a  person  at  rest,  but  if 


•  This  iH  Baily's  value.  W.  Stnive's 
is  20-4451" ;  C.  A.  Peters's,  20*4255", 
20*503'',     and     20*481" ;      Lindenau's, 


ao'4486";     and    Lundahl's,     20*5508". 
Struve's  is  considered  the  best. 
*>  See  a  paper  by  Challis  in  PhU.  Mag., 

1855. 
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he  move  rapidly  through  it^  it  will  meet  him  in  a  slanting  direc- 
tion: in  other  words^  it  will  have  an  apparent  as  well  as  a  real 
motion.  A  cannon-ball  fired  from  a  shore-batteiy  at  a  vessel 
passing  np  a  river^  will  not  pass  through  the  ship  in  a  line 
coincident  with  the  direction  of  the  ball,  but  will  emerge  on  the 
other  side  at  a  point  differing  more  or  less  from  this  line;  the 
amount  of  the  variation,  however,  will  depend  on  the  relative 
velocities  of  the  ball  and  ship  at  the  time.  If  we  suppose  the 
cannon-ball  to  represent  light,  and  the  movement  of  the  ship  the 
motion  of  the  Earth  in  its  orbit,  we  have  an  excellent  illustration 
of  the  phenomenon  of  aberration  ^. 

This  unquestionably  grand  discovery  resulted  more  immediately 
&om  an  attempt  to  detect  stellar  parallax.  Although  the  facts 
revealed  by  the  invention  of  the  telescope  and  the  discovery  of 
gravitation  had  the  eflFect  of  establishing  beyond  doubt  the  truth 
of  the  Copemican  theory  of  the  universe,  still  it  was  much  to  be 
desired  that  some  more  direct  proof  might  be  adduced.  The 
absence  of  any  appreciable  change  in  the  positions  of  the  fixed 
stars,  when  examined  &om  opposite  sides  of  the  Earth's  orbit,  was 
one  of  the  earliest,  and  at  the  same  time  one  of  the  most  serious, 
arguments  brought  against  the  system  of  Copernicus;  as  it 
was  always  considered  that  the  detection  of  such  a  change  would 
furnish  an  irresistible  proof  that  the  Earth  was  not  at  rest,  and 
consequently  was  not  the  centre  of  the  system.  The  first  observa- 
tion which  ultimately  led  to  the  discovery  of  aberration  was  made 
by  Hooke,  who  selected  the  star  y  Draconis  as  suitable  for  the 
detection  of  parallax*^.  After  observing  it  carefully  at  diflerent 
seasons  of  the  year,  he  came  to  the  conclusion  that  it  had  a  sensible 
parallax.  It  was  soon  found,  however,  that  the  star  was  subject  to 
a  displacement  in  a  direction  contrary  to  that  which  ought  to  have 
resulted  had  the  star  been  affected  by  parallax  only ;  and  it  was  for 
the  purpose  of  endeavouring  to  ascertain  the  ]jhysical  cause  of  this 


^  See  Airy's  Lectures  onAsLf  p,  i88.  the  only  bright  st-u*  passing  within  a  few 
<*  Hooke  considered  it  desirable  to  ob-  minutes  of  the  zenith  of  Gresbam  Col- 
serve  stars  as  near  the  zenith  as  possible,  lege,  wlien  his  instniment  was  erected, 
in  order  to  avoid  the  effects  arising  from  {Attempt  to  prove  the  Motion  of  the  Earth, 
any  uncertainty  as  to  the  value  of  re-  p.  7.) 
fraction  ;  and  y  Draconis  happened  to  be 
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strange  phenomenon  that  Bradley  was  induced  to  obtain  an  instru- 
ment for  himself^  that  he  might  more  conveniently  study  the  subject. 
His  observations  completely  confirmed  those  of  Hooke,  and  ''  at 
length  the  happy  idea  occurred  to  him^  that  the  phenomenon  might 
be  completely  accounted  for  by  the  gradual  propagation  of  light 
combined  with  the  motion  of  the  Earth  in  its  orbit/' 

Parallax  "  is  the  apparent  change  of  place  which  bodies  undergo 
by  being  viewed  from  different  points/'  This  is  the  general  signi- 
fication of  the  word;  but  with  the  astronomer  it  has  a  conventional 
meanings  and  implies  the  difference  of  the  apparent  positions  of 
any  celestial  object  when  viewed  from  the  surface  of  the  Earth  and 
from  the  centre  of  either  the  Earth  or  the  Sun^  to  one  or  other  of 

Fig.  8a. 


Parallax. 

which  centres  it  is  usual  to  refer  all  astronomical  observations.  The 
position  of  a  heavenly  body,  as  seen  from  the  Earth's  sur&ce,  is 
called  its  apparent  place  ;  and  that  in  which  it  would  be  seen,  were 
the  observer  stationed  at  the  Earth's  centre,  is  known  as  the  true  or 
mean  place.  It  follows,  therefore,  that  the  altitudes  of  the  heavenly 
bodies  are  depressed  by  parallax,  which  is  greatest  at  the  horizon  % 

•  Such  is  the  case  beoauae  imaginaiy      reepectiyely,  will  then  have  the  groatett 
lines,  drawn  £rom  the  object  to  the  ob-      possible  inclination  to  each  other, 
server,  and  to  the  centre  of  the  Earth 
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and  decreases  as  the  altitude  of  the  object  increasesj  until  it  dis- 
appears altogether  at  the  zenith.  In  fig^ure  82^  Z  is  the  zenith^ 
C  P  the  visible  horizon^  A  B  the  rational  horizon^  O  the  position 
of  an  observer^  and  B  the  centre  of  the  Earth.  From  O  the 
observer  will  see  the  stars  projected  on  the  sky  at  P,  P',  and  P", 
{apparent  places) ;  but  referred  to  the  centre  of  the  Earthy  the 
points  of  projection  will  be  Q,  Q',  and  Q!'  {geocentric  places).  The 
general  nature  of  parallax  may  be  readily  understood  by  supposing 
2  persons  placed  each  at  the  end  of  a  straight  line^  to  look  at 
a  carriage  standing  in  front  of  a  house  at  the  distance  (say)  of 
50  yards  from  each  station.  It  is  evident  that  the  carriage  will 
appear  to  each  spectator  projected  upon  a  difiPerent  part  of  the 
house.  The  angle  which  this  difference  of  position  gives  rise  to  is 
the  angle  of  parallax.  Let  us  suppose  the  %  observers  (still  at  the 
same  distance  from  each  other)  to  recede  from  the  carriage;  the 
angle  of  parallax  will  become  more  and  more  acute^  until  at  length 
it  will  become  insensible.  The  example  I  have  here  adduced 
holds  good  also  for  the  heavenly  bodies.  The  Sun^  Moon^  and 
planets^  though  separated  &om  us  by  millions  of  miles^  are  affected 
by  parallax  to  a  small  but  nevertheless  appreciable  amount.  With 
but  a  few  exceptions^  however^  this  is  not  the  case  with  the  fixed 
stars :  in  only  9  instances  has  parallax  been  detected^  and  we  are 
enabled  to  ascertain  that^  so  far  as  is  yet  known^  the  star  nearest  to 
us  is  a  Centauri^  whose  parallax  is  equal  to  only  0*913''^  which 
is  equivalent  to  20,656,000,000,000  miles, — but  I  am  antici- 
pating '. 

Of  all  the  heavenly  bodies,  the  Moon  is  that  of  which  the  hori- 
zontal parallax  is  the  most  considerable,  that  luminary  being  the 
nearest  to  the  Earth.  It  is  found  in  the  following  way : — Suppose 
that  2  astronomers  take  their  stations  on  the  same  meridian,  one 
south  of  the  equator,  as  at  the  Cape  of  Good  Hope,  and  the  other 
north  of  the  equator,  as  at  Berlin  in  Prussia,  which  2  places  lie 
nearly  in  the  same  meridian :   the  observers  would  severally  refer 


'  As  illustrating  the  delicacy  of  obser-  inch  in  diameter  would  be  seen  at  the 

vations  of  this  kind,  the  following  remark  distance  of  a  mile.     This  is  [that  of]  the 

of  Airy's  is  instructive.     "An  angle  of  star  which  shews  Xhe  ffreatttit  paraUax  of 

il"  is  that  in  which  a  circle  -^  of  an  oZ/."    Ltdwru  on  ii«f.,  p.  196. 
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the  Moon  to  different  points  on  the  face  of  the  sky — ^the  southern 
observer  carrying  it  further  to  the  norths  and  the  northern  observer 
further  to  the  souths  than  its  true  place  as  seen  from  the  centre  of 
the  Earth.  The  observations  thus. made  at  the  2  places  furnish 
the  materials  for  calculating^  by  means  of  trigonometry^  the  value 
of  the  horizontal  parallax  of  the  Moon^  from  which  we  can  deduce 
both  its  distance  and  real  magnitude.  ^  The  parallax  thus  obtained 
is  called  the  diurnal,  or  geocentric^  in  contradistinction  to  the 
annual,  or  heliocentric ;  by  these  terms  in  general  is  understood  the 
displacement  of  a  celestial  object  according  as  it  is  viewed  from  the 
Earth  or  the  Sun :  in  particular^  however^  it  denotes  the  angle 
formed  by  2  imaginary  lines  drawn  from  each  extremity  of  the 
diameter  of  the  Earth's  orbit  to  a  fixed  star.  This  angle  is 
generally  too  small  to  be  appreciable^  as  I  have  before  stated. 
It  was  this  fact  of  the  non-detection  of  annual  parallax  which  for 
a  long  period  of  time  prior  to  the  invention  of  the  telescope  formed 
a  great  obstacle  to  the  progress  of  the  Copemican  opinions  relative 
to  the  system  of  the  universe. 

We  may  obtain  some  idea  of  the  importance  attaching  to  a 
correct  determination  of  the  parallax  of  an  object  by  an  inspection 
of  the  following  table  : — 

If  the  SaD*8  horizontal  parallax  were   ii",  the  mean  distance  of  the  following 
planets  from  the  Sun  in  miles  would  be  : 

The  Earth.  Mart.  JupUer,  Saturm. 

75,000,000  114.276.750  390|034>Soo  7i5f  504,500 

If  the  Sun*8  parallax  were  10",  the  above  distance  would  become  : 

83,000.000  114,942,580  426,478,720  782,284,920 

Errors  arising  from  a  mistake  of  only  i" : 

7,000,000  10,665,830  36,444,220  66,780,420  s 

The  Sun's  true  parallax  being  8*94.  the  real  distances  are  : 

91,430,000  139,312,000  475,^3,000  872,134,000 

It  is  only  comparatively  within  the  last  few  years  that  the 
efforts  of  astronomers  to  detect  stellar  parallax  have  been  attended 
with  any  amount  of  success.  Planetary  parallax  is  of  course  of 
older  date.     Pliny  considered  such  investigations  to  be  but  little 

t  Ferguson's  AMrcnomy,  p.  76.    2nd  Edition,  London  1757. 


Chap,  IV.] 


Parallax. 


249 


better  than  madness^  and  Biccioli  remarks^ ''  Parallaxis  et  distantia 
fixarom^  non  potest  certa  et  evident!  observatione  homanit&s  com- 
prehendi/'  Leonard  Digges^  an  old  English  writer^  however^ 
seems  to  have  found  no  diffiquliy  in  the  matter;  he  gives  the 
following  table  of  distances^  which^  however^  unfortunately  for  his 
reputation^  has  turned  out  to  be  slightly  incorrect.  He  adds^ 
"  Here  demonstration  might  be  made  of  the  distance  of  these  orbs^ 
but  that  passeth  the  capacity  of  the  comd  sort/^  These  are  his 
results^: — 

Mytos. 


From  the  Moone  to  Meronrie 

I3,8l3 

From  Meronrie  to  VenuB  . . 

I3,8l2 

From  y enns  to  the  Simne            

«3,437} 

From  the  Sanne  to  Man 

I5,7«5 

From  Mars  to  Jupiter 

..       78,731 

From  Jupiter  to  Saturn 

. .       78,721 

From  Saturn  to  the  Firmament  . . 

..      110,485. »' 

Whence  it  follows^  according  to  Digges^  that  the  distance  of  the 
city  of  London  from  Sirius  is  exactly  358^63^  miles  I 


^  PrognotHetUum  Everlasting,  1556. 
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CHAPTER    V. 


Refraction, — JU  nature, — ImpoHance  of  a  correct  knowledge  of  U$  amount, — Table  of 
the  correction  for  rrfradtion, — Effect  of  refraction  on  the  potition  of  cbjectg  in  the 
horizon. — ffittory  of  its  di$covery, — Tvnlight,—How  catued, — Ite  durati4m, — 
Hie  Zodiacal  Light,— Its  appearance  and  extent,— Sir  J,  Htrseh^s  opmton. — 
Historical  notices, 

jnilFBACTION.—Be^des  the  change  of  place  to  which  the 
•^^  heavenly  bodies  are  subjected  in  consequence  of  the  effects 
of  parallaxj  atmospheric  refraction  gives  rise  to  a  considerable 
displacement;  and  it  is  this  power  which  the  air^  in  common  with 
all  transparent  media^  possesses^  which  renders  a  knowledge  of  the 
constitution  of  the  atmosphere  very  important  to  the  astronomer. 
''  In  order  to  understand  the  nature  of  refraction^  we  must  consider 
that  an  object  always  appears  in  the  direction  in  which  the  last 
ray  of  light  comes  to  the  eye.  If  the  light  which  comes  frona 
a  star  were  bent  into  50  directions  before  it  reached  the  eye,  the 
star  would  nevertheless  appear  in  a  line  described  by  the  ray 
nearest  the  eye.  The  operation  of  this  principle  is  seen  when  an 
oar^  or  any  sticky  is  thrust  into  the  water.  As  the  rays  of  light 
by  which  the  oar  is  seen  have  their  direction  changed  as  they  pass 
out  of  water  into  air^  the  apparent  direction  in  which  the  body  is 
seen  is  changed  in  the  same  degree^  giving  it  a  bent  appearance — 
the  part  below  the  water  having  apparently  a  different  direction 
from  the  part  above »/' 

The  direction  of  this  refraction  is  determined  by  a  general  law 
in  optics,  from  which  we  learn  that  when  a  ray  of  light  passes  oat 

*  Olmsted,  Mechanism  of  the  Heavens,      useful    summary    of    informatioii    con- 
p.  94.     Edin.  ed.     Sir  J.  Hersohel  in  his      ceming  refraction. 
Outlines  of  Ast.  (pp.  ay  e<  seq.)  gives  a 
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of  a  rarer  into  a  denser  medium — e.g.  out  of  air  into  water^  or 
out  of  space  into  the  Earth's  atmosphere — ^it  is  turned  towards  a 
perpendicular  to  the  surface  of  the  medium ;  but  when  it  passes 
out  of  a  denser  into  a  rarer  medium^  it  is  turned  from  the  per^ 
pendicular.  It  accordingly  follows  fi-om  this^  that  the  effect  of 
refraction  is  that  the  apparent  altitude  of  a  heavenly  body  is 
greater  than  the  true  altitude ;  so  that  any  object  situated  actually 
in  the  horizon  will  appear  above  it.  Indeed,  some  that  are  actually 
below  the  horizon,  and  which  would  be  otherwise  invisible  were 
it  not  for  the  existence  of  refraction,  are  thus  brought  into  sight. 
It  was  in  consequence  of  this  that  on  April  %o,  1837,  the  Moon 
rose  eclipsed  before  the  Sun  had  set ;  and  other  like  instances  are 
on  record. 

Fig.  83. 
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In  fig.  83,  Z  is  the  zenith,  C  D  the  visible  horizon,  A  B  a  parallel 
of  latitude,  A  E  B  the  boundary  of  the  Earth's  atmosphere.  Then 
the  light  of  the  star  Q  will,  to  the  observer  at  O,  seem  to  come 
from  the  point  P. 

A  correct  determination  of  the  exact  amount  of  atmospheric 
refraction,  or  the  angular  displacement  of  a  celestial  object  at 
any  altitude,  is  of  considerable  practical  importance,  but  a  very 
difficult  subject  of  inquiry,  owing  to  the  fact  that  the  density 
of  any  stratum  of  air  (on  which  its  refractive  power  depends) 
is  affected  by  the  operation  of  certain  meteorological  phenomena 
with  which  we  are  at  present  but  very  imperfectly  acquainted. 
Thus  the  quantity  of  refraction  at  any  given   altitude  depends 
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not  only  on  the  density  but  also  on  the  thermometric  and  hye^ro- 
metric  conditions  of  the  air  through  which  the  visual  ray  passes. 
And  although  we  know  the  general  fact  that  the  barometric  pres- 
sure ^  and  the  temperature  ^  constantly  diminish  as  we  recede  from 
the  Earth's  surface^  yet  the  law  of  this  diminution  is  not  fully 
ascertained.  In  consequence  of  our  ignorance  on  these  points^ 
some  degree  of  uncertainty  is  introduced  into  the  determina- 
tion of  the  amount  of  refraction^  hence  some  embarrassn^ent 
arises  in  astronomical  observations  in  which  the  quantities  to  be 
detected  are  extremely  minute.  Nevertheless  it  must  be  re- 
membered that  inasmuch  as  the  total  amount  of  refraction  is 
never  considerable^  and  in  most  cases  very  small^  it  can  be  so 
nearly  estimated  as  to  offer  no  serious  impediment  to  the 
astronomer. 

Tables  are  now  in  general  use^^  constructed  partly  from  observa- 
tion^ and  partly  from  theory^  by  means  of  which  we  can  ascertain 
approximately  the  refraction  for  any  given  altitude;  additional 
rules  being  given  by  which  this  average  refraction  may  be  cor- 
rected according  to  the  physical  state  of  the  air  at  the  time  of 
observation.  At  the  zenith^  or  at  an  altitude  of  90"^^  there  is  no 
refraction  whatever^  objects  being  seen  in  the  position  which  they 
would  have  were  the  Earth  surrounded  by  no  atmosphere  at  all. 
In  descending  from  the  zenith  towards  the  horizon,  the  refraction 
constantly  increases,  objects  near  the  horizon  being  displaced  in  a 
greater  degree  than  those  at  high  altitudes.  Thus  the  refraction, 
which  at  an  altitude  of  45®  is  only  equal  to  57",  at  the  horizon 
increases  to  no  less  than  33'.  The  rate  of  the  increase  at  high 
altitudes  is  nearly  in  proportion  to  the  tangent  of  the  apparent 
angular  distance  of  the  object  from  the  zenith ;  but  in  the  vicinity 


^  Since  the  barometer  rises  with  an 
increase  in  the  weight  and  density  of  the 
air,  its  rise  causes  an  augmentation,  and 
its  fall  a  decrease,  of  refraction.  It  will 
be  tolerably  near  the  truth  if  we  assume 
that  the  refraction  at  any  given  altitude 
is  increased  or  diminisheid  by  «^  of  its 
mean  amount  for  every  lo^  of  an  inch 
by  which  the  barometer  exceeds  or  fidls 
short  of  30  inches. 

^  Also  as  an  increase  of  temperature 


causes  a  decrease  of  density,  it  follows 
that  the  elevation  of  the  thermometer 
diminishes  the  e£bct  of  refraction,  the 
barometer  remaining  stationary.  We 
may  assume  that  the  refraction  at  any 
given  altitude  is  increased  or  diminished 
by  x^  ^^  ^^  mean  amount  for  each 
degree  by  which  the  thermometer  ex- 
ceeids  or  falls  short  of  the  mean  tem- 
perature of  55°. 
'  See  po«U  Book  X. 
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of  the  horizon  this  rule  ceases  to  hold  good^  and  the  law  becomes 
much  more  complicated  in  its  expression.  The  mean  diameter 
both  of  the  Sun  and  Moon  being  rather  less  than  33'^  it  follows 
thHt^  when  we  see  the  lower  edge  of  either  of  these  luminaries 
apparently  just  toucMng  the  horizon^  in  reality  its  whole  disc  is 
completely  below  it^  and  would  be  altogether  hidden  by  the  con- 
vexity of  the  Earth  were  it  not  for  the  refraction. 

It  is  under  these  circumstances  that  one  of  the  most  curious 
effects  resulting  from  atmospheric  re&action  may  often  be  noticed. 
I  refer  to  the  oval  outline  presented  by  the  Sun  and  Moon  when 
near  the  horizon.  This  arises  &om  the  unequal  refraction  of  the 
upper  and  lower  limbs.  The  latter  being  nearer  the  horizon^  is 
more  affected  by  refraction^  and  consequently  is  raised  in  a  greater 
degree  than  the  former, ''  the  effect  being  to  bring  the  two  limbs 
apparently  closer  together  by  the  difference  of  the  two  refractions. 
The  form  of  the  disc  is  therefore  affected  as  if  it  were  pressed 
between  two  forces,  one  acting  above  and  the  other  below,  tending 
to  compress  its  vertical  diameter,  and  to  gpive  it  the  form  of 
an  ellipse,  the  lesser  axis  of  which  is  vertical  and  the  greater 
horizontal." 

The  dim  and  hazy  appearance  of  objects  seen  in  the  horizon 
is  not  only  occasioned  by  the  rays  of  light  having  to  traverse 
a  larger  space  in  the  atmosphere,  but  also  by  their  having  to 
pass  through  the  lower  and  denser  part.  "  It  is  estimated  that 
the  solar  light  is  diminished  1300  times  in  passing  through  these 
lower  strata,  and  we  are  thereby  enabled  to  gaze  upon  the  Sun, 
when  setting,  without  being  dazzled  by  his  beams." 

"  The  dilated  size  (generally)  of  the  Sun  or  Moon  when  seen 
near  the  horizon  beyond  what  they  appear  to  have  when  high  up 
in  the  sky,  has  nothing  to  do  with  refraction.  It  is  an  illusion  of 
the  judgment,  arising  from  the  terrestrial  objects  interposed,  or 
placed  in  close  comparison  with  them.  In  that  situation  we  view 
and  judge  of  them  as  we  do  of  terrestrial  objects — ^in  detail,  and 
with  an  acquired  habit  of  attention  to  parts.  Aloft  we  have  no 
associations  to  guide  us,  and  their  insulation  in  the  expanse  of  the 
sky  leads  us  rather  to  under-value  than  to  over-rate  their  apparent 
magnitudes.     Actual  measurement  with  a  proper  instrument  cor- 
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reels  our  error,  without  however  dispelling  our  illusion.  By  this 
we  learn  that  the  Sun^  when  just  on  the  horizon^  subtends  at  our 
eyes  almost  exactly  the  same^  and  the  Moon  a  materially  le9$  angle 
than  when  seen  at  a  great  altitude  in  the  sky^  owing  to  its  greater 
distance  from  us  in  the  former  situation  as  compared  with  the 
latter^/'  Guillemin  remarks  that  if  the  Moon^  when  in  the 
horizon^  be  looked  at  through  a  tube^  the  illusion  will  dis- 
appear. 

Claudius  Ptolemy  was  the  first  who  remarked  that  a  ray  of 
light  proceeding  from  a  star  to  the  Earth  undergoes  a  change 
of  direction  in  proceeding  through  the  atmosphere'.  He  more- 
over stated  that  the  displacement  is  greatest  at  the  horizon^ 
diminishes  as  the  altitude  increased^  and  finally  vanishes  alto- 
gether at  the  zenith — an  assertion  which  we  have  already  seen 
to  be  perfectly  correct.  In  the  i&^  century  Tycho  Brahe  also 
investigated  the  subject;  and  his  results^  though  by  no  means 
so  accurate  as  Ptolemy's^  are  interesting  from  the  fact  that  they 
were  the  first  which  were  reduced  to  the  form  of  a  table.  Since 
this  period  many  eminent  astronomers  have  devoted  their  attention 
to  the  matter^  and  the  tables  now  in  most  general  use  are  those  of 
the  late  illustrious  Bessel. 

Tmlight. — This  is  another  phenomenon  depending  on  the  agency 
of  the  atmosphere  with  which  the  Earth  is  surrounded.  It  is  due 
partly  to  refraction  and  partly  to  reflection,  but  chiefly  to  the 
latter  cause.  After  sunset  the  Sun  still  continues  to  illuminate 
the  clouds  and  upper  strata  of  the  air,  just  as  it  may  be  seen 
shining  on  the  summits  of  lofty  mountains  long  after  it  has 
disappeared  from  the  view  of  the  inhabitants  of  the  adjacent 
plains.  The  air  and  clouds  thus  illimiinated  reflect  back  part 
of  the  light  to  the  surface  beneath  them,  and  thus  produce, 
after  sunset  and  before  simrise,  in  a  degree  more  or  less  feeble 
according  as  the  Sun  is  more  or  less  depressed,  that  which  we  call 
''twilight.''  Immediately  after  the  Sun  has  disappeared  below 
the  horizon  all  the  clouds  in  the  vicinity  are  so  highly  illuminated 
as  to  be  able  to  reflect  an  amount  of  light  but  little  inferior  to 

•  Sir  J.  Herschel,  Ouilinet  of  Ant.,  p.  35. 
^  Almag.t  lib.  vii.  cap.  6. 
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the  direct  light  of  the  Sun.  As  the  Sun^  however^  sinks  lower 
and  lower^  less  and  less  of  the  visible  atmosphere  receives  its  lights 
and  consequently  less  and  less  of  it  is  reflected  to  the  Earth's 
surface  surrounding  the  position  where  the  observer  is  stationed^ 
until  at  lengthy  though  by  slow  degrees^  all  reflection  is  at  an  end^ 
and  night  ensues.  The  same  thing  occurs  before  sunrise;  the 
darkness  of  night  gradually  giving  place  to  the  faint  light  of 
dawn^  until  the  Sun  appears  above  the  horizon,  and  produces 
the  full  light  of  day. 

The  duration  of  the  light  is  usually  reckoned  to  last  until  the 
Sun's  depression  below  the  horizon  amounts  to  18'' :  this,  however, 
varies :  in  the  Tropics  a  depression  of  id''  or  17''  is  sufficient  to  put 
an  end  to  the  phenomenon,  but  in  England  a  depression  of  17'' 
to  izi"'  is  required.  The  duration  of  twilight  differs  in  different 
latitudes;  it  varies  also  in  the  same  latitude  at  different  seasons 
of  the  year,  and  depends  in  some  measure  on  the  meteorological 
condition  of  the  atmosphere.  Strictly  speaking,  in  the  latitude 
of  Greenwich  there  is  no  true  night  from  May  2%  to  July 
!Zi,  but  constant  twilight  from  sunset  to  sunrise.  It  reaches 
its  minimum  3  weeks  before  the  vernal  equinox  and  3  weeks 
after  the  autumnal  equinox,  when  its  duration  is  i**  50"*.  At 
midwinter  it  is  longer  by  about  17™,  but  the  augmentation  is 
frequently  not  perceptible,  owing  to  the  greater  prevalence  of 
clouds  &c.  at  that  season  of  the  year,  which  intercept  the  light 
and  hinder  it  from  reaching  the  Earth.  The  duration  is  least  at 
the  equator  (i**  la™),  and  increases  as  we  approach  the  Poles,  for 
at  the  former  there  are  2  twilights  every  24  hours,  but  at  the 
latter  only  a  in  a  year,  each  lasting  about  50  days.  At  the  North 
Pole  the  Sun  is  below  the  horizon  for  6  months ;  but  from  January 
29  to  the  vernal  equinox,  and  from  the  autimmal  equinox  to 
Nov.  I  a,  the  Sun  is  less  than  18°  below  the  horizon :  so  that  there 
is  twilight  during  the  whole  of  these  intervals,  and  thus  the 
length  of  the  actual  night  is  reduced  to  2\  months.  The  length 
of  the  day  in  these  regions  is  about  6  months,  during  the 
whole  of  which  time  the  Sun  is  constantly  above  the  horizon. 
The  general  rule  is,  that  to  the  inhabitants  of  an  oblique  sphere 
the    twilight  w    longer  in  proportion   as    the  place  is  nearer   the 
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elevated  pole*.  Under  some  circomstances  a  secondary  twilight 
may  be  noticed^. 

The  Zodiacal  Light. — ^This  is  a  peculiar  nebulous  light  of  a 
conical  or  lenticular  form  *,  which  may  very  frequently  be  noticed 
in  the  evening  soon  after  sunset  about  March^  and  in  the  morning 
before  sunrise  about  September.  It  extends  upwards  from  the 
western  horizon  nearly  in  a  Une  with  the  ecliptic,  or,  more  exactly, 
in  the  plane  of  the  Sun's  equator.  The  apparent  angular  distance 
of  its  vertex  from  the  Sun's  plane  varies^  according  to  circumstances^ 
between  50"^  and  70'',  or  even  more ;  and  the  breadth  of  its  base^  at 
right  angles  to  the  major  axis^  between  V  and  30^.  It  usually 
reaches  to  a  point  in  the  heavens  situated  not  far  from  the  Pleiades 
in  Taurus.  It  is  always  so  extremely  ill-defined  at  the  edges  that 
great  difficulty  is  experienced  in  satisfactorily  determining  its 
limits.  In  these  northern  latitudes  the  Zodiacal  Light  is  generally^ 
though  not  always,  inferior  in  brilliancy  to  the  Milky  Way  j  but 
in  the  Tropics  it  is  seen  to  far  greater  advantage.  Humboldt  says 
that  it  is  almost  constantly  visible  in  those  regions,  and  that  he 
has  himself  seen  it  sufficiently  luminous  to  cause  a  sensible 
glow  on  the  opposite  quarter  of  the  heavens  J.  In  the  winter  of 
1842-43  it  was  remarkably  well  seen  in  this  country,  the  apex 
of  the  cone  attaining  a  length  of  no  less  than  105''  from  the  Sun  ^. 
Mr.  Lassell  also  mentions  having  seen  the  light  very  prominent  at 
Malta  in  January  1850^ 

No  satisfactory  explanation  has  yet  been  gpiven  of  this  phe- 
nomenon j  it  is,  however,  very  generally  considered  to  be  a  kind 
of  envelope  surrounding  the  Sun,  and  extending  perhaps  nearly 
or  quite  as  far  as  the  Earth's  orbit.  Sir  J.  Herschel's  opinion 
is,  ^'  that  it  may  be  conjectured  to  be  no  other  than  the  denser 
parts  of  that  medium  which  we  have  some  reason  to  believe  resists 
the  motions  of  comets ;  loaded,  perhaps,  with  the  actual  materials 


s  A  valuable  memoir  on  twilight,  by  ^  Detailed  partioalara  will  be  found  in 

J.  F.  J.  Schmidt,  will  be  found  in  A^,  the  Qreenwick  ObdervaHonit  184a. 
Ncuh  No.  1495,  Oct.  14,  1864.    An  ab-  ^  For  obeeryations   by  E.  J.  Lowe, 

stract  of  it  is  given  in  the  InUU.  Oha.,  see  Month,  Not.  R.A.Sn  voL  x.  p.  ta^ 

vol.  vii.  p.  135,  March  1865.  vol.  xi.    p.   13a,    and   vol.   xiv.   p.  xo. 

^  Herscbel,  Outlines  of  Ast.,  p.  34.  Observations  by  Burr  and  Webb  wiU  be 

*  Lens,  a  lentil.  found  at  pp.  45,  83,  and  181  of  the  same 

i  See  infra,  p.  258.  volume. 
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of  the  tails  of  millions  of  those  bodies^  of  which  they  have  been 
stripped  in  their  successiye  perihelion  passages  [!  I] .  An  atmosphere 
of  the  Sun,  in  any  proper  sense  of  the  word,  it  cannot  be ;  since 
the  existence  of  a  gaseous  envelope  propagating  pressure  &om  part 
to  part — subject  to  mutual  friction  in  its  strata,  and  thereby 
rotating  in  the  same,  or  nearly  the  same,  time  with  the  central 
body,  and  of  such  dimensions  and  ellipticity — ^is  utterly  incom- 
patible with  dynamical  laws™/'  In  connexion  with  this  speculation 
it  may  be  mentioned  that  during  the  visibility  of  the  great  comet 
of  1843  in  March  of  that  year,  the  Zodiacal  Light  was  unusually 
brilliant;  so  much  so,  that  by  many  persons  it  was  mistaken  for 
the  comet. 

The  Zodiacal  Light  is  of  a  reddish  hue,  especially  at  its  base, 
where  also  it  is  most  bright,  and  where  it  effaces  small  stars. 
Undulations  and  likewise  a  sort  of  flashing  have  been  noticed 
in  it. 

It  has  been  suggested  that  the  Zodiacal  Light  is  identical  with 
what  Pliny  calls  the  "Trabes  V'  ^^^  ^^  is  more  likely  that  this  was 
the  Aurora.  Otherwise  the  historian  Nicephoras  must  be  regarded 
as  the  first  to  record  the  existence  of  this  phenomenon.  After  de- 
scribing the  capture  of  Rome  by  Alaric  in  410  a.d.,  he  says: — 
'^  There  then  happened  an  eclipse  of  the  Sun,  during  which  the 
obscurity  was  so  great  that  the  stars  appeared  in  broad  daylight. 
....  There  was  seen  at  the  same  time  in  the  sky,  with  the  Sun 
eclipsed,  and  above  him,  a  singular  light,  which  in  shape  was  like 
a  cone,  and  which  some  ill-informed  persons  took  to  be  a  comet, 
but  it  had  no  star  which  could  serve  as  a  nucleus.  It  was  rather 
a  species  of  flame  which  subsisted  by  itself  like  a  great  lamp, 
whence  there  was  diffused  a  light  very  different  from  that  of  the 
stars.  .  .  The  position  and  movement  of  this  object  changed  from 
time  to  time.  It  was  at  first  placed  in  that  part  of  the  sky  where 
the  Sun  rises  at  the  vernal  equinox;  then  it  seemed  to  recline 
along  that  portion  of  the  zodiac  which  answers  to  Uie  last  star 
in  the  Great  Bear,  always  with  its  apex  towards  the  west.  After 
it  had  thus  journeyed  along  the  zodiac  for  more  than  4  months  it 

'"  Outline*  ofAst.,  p.  658.  n  Hist.  Nat,,  lib.  ii.  cap.  26. 

s 
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disappeared.  Its  sammit  became  sometimes  sharper^  and  gave  it 
a  form  more  oblong  than  that  of  a  cone ;  after  which  it  became 
shortened^  and  regained  its  former  proportions.  It  had  besides^ 
other  extraordinary  forms^  and  resembled  no  known  phenomenon. 
It  commenced  to  shew  itself  in  the  middle  of  summer  and  lasted 
till  the  end  of  autumn  ®.'' 

The  Zodiacal  Light  was  treated  of  by  Kepler;  afterwards 
by  Descartes^  about  the  year  1630;  and  then,  by  Childrey,  in 
1659  P;  it  was  not^  however^  till  J.  D.  Cassini  published  some  re- 
marks on  it  that  much  attention  was  paid  to  this  phenomenon  4. 
He  saw  it  first  on  March  18^  1683. 

Within  the  last  few  years  some  curious  particulars  relating  to 
the  Zodiacal  Light  have  transpired.  In  the  year  1855,  the  Rev. 
G.  Jones^  Chaplain  of  the  U.  S.  Steam-Frigate  ''Mississippi/' 
published  some  remarks  on  this  phenomenon  %  as  brought  under 
his  notice  during  a  cruise  round  the  world  in  the  2  preceding 
years.  He  states :  "  I  was  also  fortunate  enough  to  be  twice  near 
the  latitude  of  113°  a8'  north,  when  the  Sun  was  at  the  opposite 
solstice,  in  which  position  the  observer  has  the  ecliptic  at  mid- 
night at  right  angles  with  his  horizon,  and  bearing  east  and  west. 
Whether  this  latter  circumstance  affected  the  result  or  not,  I 
cannot  say;  but  I  there  had  the  extraordinary  spectacle  of  the 
Zodiacal  Light  simultaneously  at  both  east  and  west  horizons 
from  1 1  to  I  o'clock  for  several  nights  in  succession.'' 

Mr.  Jones  concludes  his  very  interesting  letter  as  follows: — 
"  You  will  excuse  my  prolixity  in  stating  these  varieties  of  ob- 
servations, for  the  conclusion  from  all  the  data  in  my  possession 
is  a  startling  one.  It  seems  to  me  that  those  data  can  be  ex- 
plained only  by  the  supposition  of  a  nebulous  ring  with  the  Earth 
for  its  centre y  and  lying  within  the  orbit  of  the  Moon*/^ 

On  the  publication  of  the  foregoing,  Humboldt  transmitted  to 

*»  Niceph., /Twt.^cc^., lib.  xiii., quoted  R.A.S.,  vol.  xvii.  p.  ao4-5,  are  some  re- 
in Boillot's  Trqdfi  d^ Antronomitt  p.  157*  marks  ou  this  communication,  which  the 

p  Natural  iJutwry  of  England,   1659.  reader  should  refer  to,  and  at  p.  47  is 

Brit.  Bacon. ^  p-i83.     166 1.  some  account  of  J.  F.  J.  Schmidt's  work 

*i  Anc.  M6m.  de  VAcad.  det  Sciences,  on  the  zodiacal  light, 

vol.  viii.  p.  J2I.  ■  See  Joneses  original  memoir  in  vol. 

'  Gould's  Astronomical  Journal^  No.  iii.  of  the  4  to  ed.  of  the  XT.  S.  Elxploriiig 

S4,  May  26,  1855.     In  the  Month.  NoL  Expedition iVafraftve.  (Washington  1856.) 


Chap.  V.]  The  Zodiacal  Light.  259 

the  Berlin  Academy  ^  some  nnpublished  observations  made  by  him 
at  sea  in  March  1803^  to  the  efFect  that  on  one  or  two  occasions 
he  also  saw  a  2^^  light  in  the  east  contemporaneously  with  the 
principal  beam  in  the  west;  he,  however,  then  thought  that  the 
2°*  light  was  merely  due  to  reflection.  He  concludes  by  saying 
that,  '^  the  variations  in  the  brightness  of  the  phenomenon  cannot, 
according  to  my  experience,  be  accounted  for  solely  by  the  con- 
stitution of  our  atmosphere.  There  remains  much  still  to  be 
observed  relative  to  the  subject.^' 

*  MonaUhericht  der  lc6n,  Preuti,  Akademie  dtr  Wiuen»chaflen,  July  1855.     Month, 
Not.  R.A.S.,  vol.  xvi.  p.  16. 
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COMETS. 


CHAPTER  I. 

GENERAL  REMARKS. 

Comets  long  objecU  of  popular  interett — and  al<»rm. — UhmI  phenomena  attending  the 
development  of  a  Comet. — Telescopic  Comets. — Comets  diminish  in  briUianep  at 
each  return. — Period  of  Revolution. — Density. — Mass. — LexelTs  Comet. — Oeneral 
influence  of  Planets  on  Comets — Comets  move  in  i  of  ^  hinds  of  orbits. — Elements 
of  a  Comet's  orbit.— For  a  par<ibolic  orbit,  5  in  number, — Direction  of  motion. — 
Eccentricity  of  an  elliptic  orbit, — Early  speculations  as  to  the  paths  in  which  Comets 
moved. —  Comets  visible  in  the  daytime. — Breaking  up  of  a  Comet  into  parts. — 
Instance  of  Bida's  Comet. — Comets  probably  seff-luminous. — Existence  of  phases 
dovhiful. — Comets  with  Planetary  discs. — Phenomena  connected  with  the  tads  of 
Comets. —  Usually  a  prolongation  of  the  radius  vector. —  Vibration  sometimes 
noticed  in  tails. — Olbenfs  hypothesis. — Transits  of  Comets  across  the  Sun's  disc. — 
Variation  in  the  appearance  of  Comets  exemplified  in  the  ease  of  that  of  1769. 

THE  class  of  bodies  which  will  now  come  under  onr  notice  is 
one  of  the  most  interesting  with  which  the  astronomer  has  to 
deal.  Appearing  suddenly  in  the  nocturnal  eky,  and  often  having 
attached  to  them  tails  of  immense  size  and  brilliancy,  comets  were 
well  calculated  in  the  earlier  ages  of  the  world  to  attract  the 
attention  of  all,  and  still  more  to  excite  the  fear  of  many.  It  is 
the  unanimous  testimony  of  history,  during  a  period  of  upwards  of 
2000  years,  tnat  comets  were  always  considered  to  be  peculiarly 
"  ominous  of  the  wrath  of  Heaven,  and  as  harbingers  of  wars  and 
famines,  of  the  dethronement  of  monarchs,  and  the  dissolution 
of  empires/'      I  shall  hereafter  examine  this  question  at  greater 
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length.  Suffice  it  for  me  here  to  quote  the  words  of  the  Poet,  who 
speaks  of 

"TliebUziDgStBT, 
nireat'niDg  the  world  with  Suoiiie,  pUgne,  uid  fm ; 
To  princea,  death  ;  to  kiogdonu,  many  cnnea  ; 
To  b11  eitBtM,  inevitable  lonea  ; 
To  herdamen,  rot ;  to  plonghmen,  hapless  Beasons  ; 
To  Bulorg,  gtmiuB ;  to  citiea,  civil  treaeona." 

However  little  atteotion  might  have  been  paid  by  the  ancients 
to  the  more  ordinary  phenomena  of  nature  (which,  however,  were 
very  well  looked  aft«r},  yet  certain  it  is  that  comets  and  total 
eclipses  of  the  Sun  were  not  easily  forgotten  or  lightly  passed 
over ;  hence  the  aspects  of  remarkable  comets  that  have  appeared  at 
various  times  have  been  handed  down  to  us,  often  with  circum- 
stantial minuteness. 

A  comet  usually  consists  of  3  parte,  developed  somewhat  in  the 
following  manner : — A  faint  luminous  speck  is  discovered  by  the 
aid  of  a  good  telescope;  the  size  increases  gradually;  and  afber 
some  little  time  a  nucleut  appears — that  is,  a  part  which  is  more 
condensed  in  its  light  than  the  rest,  sometimes  circular,  sometimes 
oval,  more  rarely  presenting  a  radiated  appearance.  It  is  a  remark 
of  Arago  that  this  nucleus  ia  generally  cxcentrically  placed  in  the 
head,  lying  towards  the  margin  nearest  the  Sun.  Both  the  size  and 
the  brilliancy  of  the  object  still  progressively  increase ;  the  coma,  or 

Kg-  8«.  Fig.  8s. 


cloudlike  mass  around  the  nucleus,  becomes  less  regular ;  and  a  tail 
begins  to  form,  which  becomes  fainter  as  it  recedes  from  the  body  of 
the  comet.     This  tail  increases  in  length  so  as  sometimes  to  spread 
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across  a  large  portion  of  the  heavens ;  sometimes  there  are  more 
tails  than  one^  and  occasionally  the  tail  is  much  narrower  in  some 
parts  than  in  others.  The  comet  approaches  the  Sun  in  a  curvi- 
linear path,  which  frequently  hardly  differs  from  a  right  line.  It 
generally  crosses  that  part  of  the  heavens  in  which  the  Sun  is 
situated  so  near  the  latter  body  as  to  be  lost  in  its  rays ;  but  it 
emerges  again  on  the  other  side,  frequently  with  increased  bril- 
liancy and  length  of  tail.  The  phenomena  of  disappearance  are 
then  (but  in  the  reverse  order)  the  same  as  those  of  its  appearance. 

In  magnitude  and  brightness  comets  exhibit  great  diversity : 
some  are  so  bright  as  to  be  visible  in  the  daytime ;  others,  indeed 
the  majority,  are  quite  invisible,  except  with  powerftil  optical 
assistance.  Such  are  usually  called  telescopic  comets.  The  ap- 
pearance of  the  same  comet  at  different  periods  of  its  return  ib 
so  varying  that  we  can  never  identify  a  given  comet  with  any 
other  by  any  mere  physical  peculiarity  of  size  or  shape  until  its 
elements  have  been  calculated  and  compared.  It  is  now  known 
that  ''the  same  comet  may,  at  successive  returns  to  our  system^ 
sometimes  appeared  tailed,  and  sometimes  without  a  tail,  according^ 
to  its  position  with  respect  to  the  Earth  and  the  Sun ;  and  there 
is  reason  to  believe  that  comets  in  general,  from  some  imknown 
cause,  decrease  in  splendour  in  each  successive  revolution '.'' 

The  periods  of  comets  in  their  revolutions  vary  greatly,  as  also 
do  the  distances  to  which  they  recede  from  the  Sun.  Whilst  the 
orbit  of  Encke^s  comet  is  contained  within  that  of  Jupiter,  the  orbit 
of  Halley's  extends  far  beyond  that  of  Neptune.  Some  comets 
indeed  proceed  to  a  much  greater  distance  than  this,  whilst  others 
are  supposed  to  pass  into  curves  which  do  not,  like  the  ellipse,  re- 
turn into  themselves.  In  this  case  they  never  come  back  to  the  Sun. 
Such  orbits  are  either  parabolic  or  hyperbolic.  The  density,  and 
also  the  mass,  of  comets  is  exceedingly  small,  and  their  tails  consist 
of  matter  of  such  extreme  tenuity  that  the  smallest  stars  are  seen 
through  them — vl  fact  first  recorded  by  Seneca.  That  the  matter 
of  comets  is  exceedingly  small  is  sufBciently  proved  by  the  fact 
that  they  have  at  times  passed  very  near  to  some  of  the  planets 

•  Smyth,  Cycle^  vol.  i.  p.  235. 
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without  disturbing  their  motions  in  any  appreciable  degree.  Thus 
the  comet  of  1770  (Lexell's)  in  its  advance  towards  the  Sun, 
got  entangled  amongst  the  satellites  of  Jupiter,  and  remained  near 
them  for  4  months,  without  in  the  least  affecting  them  as  far  as  we 
know.  It  can  therefore  be  shewn  that  this  comef  s  mass  could  not 
have  been  so  much  as  -nnnr  that  of  the  Earth.  The  same  comet 
also  came  very  near  the  Earth  on  July  i — its  distance  from  it 
at  5^  on  that  day  being  about  1^^00,000  miles — so  that  had  its 
quantity  of  matter  been  equal  to  that  of  the  Earth,  it  would,  by 
its  attraction,  have  caused  our  gldbe  to  revolve  in  an  orbit  so  much 
larger  than  it  does  at  present  that  it  would  have  increased  the 
length  of  the  year  by  2^  47™,  yet  no  sensible  alteration  took  place. 
The  comet  of  837  remained  for  a  period  of  4  days  within  3,700,000 
miles  without  any  untoward  consequence.  Very  little  argument, 
therefore,  suffices  to  shew  the  absurdity  of  the  idea  of  any  danger 
happening  to  our  planet  from  the  advent  of  any  of  these  wandering 
strangers.  Indeed,  instead  of  comets  exercising  any  influence  on 
the  motions  of  planets,  there  is  the  most  conclusive  evidence  that 
the  converse  is  the  case — ^that  planets  influence  comets.  This  £Etct 
is  strikingly  exemplified  in  the  history  of  the  comet  of  1770,  just 
referred  to.  At  its  appearance  in  that  year  this  body  was  found  to 
have  an  elliptical  orbit,  requiring  for  a  complete  revolution  only 
54  years ;  yet  although  this  comet  was  a  large  and  bright  one,  it 
had  never  been  observed  before,  and  has  moreover  never  been  seen 
since ;  the  reason  being  that  the  influence  of  the  planet  Jupiter,  in 
a  short  period,  completely  changed  the  character  of  its  path.  I 
cite  from  Arago  the  following :  ''  Du  Sdjour  has  proved  that  a 
comet,  whose  mass  is  equal  to  that  of  the  Earth,  which  would  pass 
at  a  distance  of  37,500  miles  only,  would  extend  the  length  of  the 
year  to  367**  16**  5™,  and  could  alter  the  obliquity  of  the  ecliptic  to 
the  extent  of  %°,  Notwithstanding  its  enomjious  mass  and  the 
smallness  of  its  distance,  such  a  body  would  then  produce  upon  our 
globe  only  one  kind  of  revolution, — ^that  of  the  calendar  b.^' 

A  comet  may  move  in  either  an  elliptic,  parabolic,  or  hyperbolic 
orbit  j    but   for   reasons    with   which   mathematical   readers  are 

^  Pop.  Ast,,  vol.  i.  p.  642,  Eng.  ed. 
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acquainted^  no  comet  can  be  periodical  which  does  not  follow  an 
elliptic  path.  In  consequence,  however,  of  the  comparative  facility 
with  which  the  parabola  can  be  calculated,  astronomers  are  in  the 
habit  of  applying  that  curve  to  represent  the  orbit  of  any  newly- 
discovered  body.  Parabolic  ekments  having  been  obtained,  a 
search  is  then  made  through  a  catalogue  of  comets,  to  see  whether 
the  new  elements  bear  any  resemblance  to  those  of  any  object  that 
has  been  previously  observed ;  if  so,  an  elliptic  orbit  is  calculated 
and  a  period  deduced.  The  elements  of  a  parabolic  orbit  are  5  in 
number. 

I.  The  time  of  perihelion  passage ,  or  the  moment  when  the 
comet  arrives  at  its  least  distance  &om  the  Sun^ — denoted  by  the 
symbol  PP,  or  t. 

a.  The  longitude  of  the  perihelion,  or  the  longitude  of  the 
comet  when  it  reaches  that  point. — ir. 

3.  The  longitude  of  the  ascending  node  of  the  comet's  orbit,  as 
seen  from  the  Sun. —  Q . 

4.  The  perihelion  distance,  or  the  distance  of  the  comet  from  the 
Sun  expressed  in  radii  of  the  Earth's  orbit. — q, 

5.  The  inclination  of  the  orbit,  or  the  angle  between  the  plane  of 
the  orbit  and  the  ecliptic. — i. 

It  is  also  necessary  to  know  whether  the  comet  moves  in  the 
order  of  the  signs,  or  in  the  contrary  direction :  in  the  former  case 
its  movement  (fi)  is  said  to  be  direct  (+),  in  the  latter  retro^ 
grade  (—).  In  an  elliptic  orbit  we  require  to  know  the  eccentricity 
(e) :  this  is  sometimes  expressed  by  the  angle  <f>,  of  which  the 
previous  quantity  (e)  is  the  sine.  From  this,  with  the  perihelion 
distance,  we  can  ascertain  the  length  of  the  major  axis,  and  con- 
sequently the  comet's  periodic  time.  Be  it  remembered  that  the  ec- 
centricity is  not  the  linear  distance  of  the  centre  of  the  ellipse  from 
the  focus,  but  the  ratio  of  that  quantity  to  the  semi-axis  major. 

Up  to  the  present  time  the  orbits  of  nearly  300  comets  have 
been  calculated  *  :  these  will  be  given  hereafter. 


(^  In  an  elliptic  orbit  the  correspond-  Codestium  is  reckoned  the  standard  work 

ing  point  of  extreme  distance  from  the  on  the  subject  of  orbits.      See  also   a 

Sun  is  called  the  Aphelion.  paper  by  Airy,  in  Memoirt  RA.S.,  vol. 

^  Gauss's    Theoria    Motm    Corporum  xi. 
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To  the  early  astronDmers  the  motions  of  comets  gave  rise  to 
great  embarrassment.  Tyeho  Brahe  thought  that  they  moved  in 
circular  orbits ;  Kepler,  on  the  other  hand,  suggested  right  lines. 
Hevelius  seems  to  have  been  the  lirst  to  remark  that  cometaiy  orbits 
were  much  curved  near  the  perihelion,  the  concavity  being  towards 
the  Sim.  He  also  threw  out  an  idea  relative  to  the  parabola,  as 
being  the  form  of  a  comet's  path,  though  it  does  not  seem  to  have 
occurred  to  him  that  the  Sun  was  likely  to  be  the  focus.  Borelli 
suggested  an  ellipse  or  a  parabola.  Sir  William  Lower  was 
probably  the  first  to  hint  that  comets  sometimes  moved  in  very 
eccentric  ellipses ;  this  he  did  in  his  letter  to  his  "  especiall  goode 
friend,  Mr,  Thomas  Harryot,"  dat«d  Feb.  6,  1610.  Dorfel,  a 
native  of  Upper  Saxony,  was  the  first  practical  man :  he  shewed 
that  the  comet  of  1681  moved  in  a  parabolic  orbit. 

History  informs  us  that  some  comets  have  shone  with  such 
splendour  as    to    have    been    distinctly  Rg.  86. 

seen  in  the  daytime.  The  comets  of 
B.C.  45,  A.D.  575  (?),  1106,  1402  (i), 
J402  (ii),  147a,  1532,  1577,  1618  {ii), 
1744,  1843  (i),  1847  {i),and  1853  (iii), 
are  the  principal  ones  which  have  been 
thus  observed.  There  are  several  well- 
established  instances  of  the  separation 
of  a  comet  into  2  or  more  distinct  por- 
tions.     Seneca  mentions  an  occurrence  „ 

Tbe  I"  Comet 01  __,,.    . 

of  the  kind  *.     Such  was  the  case  with        at  nook  on  Mabch  ji 
Bieb's  comet  in  1845.     When  first  de-  (^'•«'' 

teetcd,  on  Nov.  28,  it  presented  the  appearance  of  a  faint 
nebulosity,  almost  circular,  with  a  slight  condensation  towards 
the  centre :  on  Dec.  19  it  appeared  somewhat  elongated,  and 
by  the  end  of  the  month  the  comet  had  actually  separated  into 
two  distinct  nebulosities  which  travelled  together  for  more  than 
3  months :  the  maximum  distance  between  the  parts  (157,240 
mites)  was  attained  on  March  3,  1846,  after  which  it  began  to 

•■  QuifM.  KrU.,  lib.  vii.  cap.  i6.  asmbling,  it  would  seem,  tli&t  of  BieU's 

'  Comet  i,  nf  t86o,  discoveivd  b;  Liais      comet.     (Att.  Ifaeh.,  1 348.) 
in  Brazil,  httd  a  double  aebuliMitf,  re- 


266 


Ccwiete. 


[Book  IV. 


diminkh  untU  the  comet  was  lost  sight  of  in  April.  At  its  return 
in  1852  the  separation  was  still  maintained,  but  the  interval  had 
increased  to  1,250,000  miles.  At  its  return  in  1859  the  comet 
was  not  detected,  owing  to  ito  unfavourable  position,  and  in 
1866  it  could  not  be  found,  for  reasons  unknown. 

Pig.  8j. 


BnLA'B  Covn,  Feb.  19,  1846.     {0.  Stm^e.) 


The  question  whether  or  not  comets  are  self-luminous  has  never 
been  satisfactorily  settled.  The  high  magnifying  power  that  may 
sometimes  be  brought  to  bear  on  them  tends  to  shew  that  they 
shine  by  their  own  light.  Sir  W.  Herschel  was  of  this  opinion 
from  his  observations  of  the  comets  of  1807  and  1811  (i)S.  It  ia 
manifest,  however,  that  if  the  existence  of  phases  could  be  cer- 
tainly known,  this  would  fumiBh  an  irrefragable  proof  that  comets 
shine  by  reflected  light.  It  has  been  asserted  trom  time  to  time 
that  such  phases  have  been  seen,  hut  the  statements  made  are 
unsupported.  Delambre  mentions  that  the  registers  of  the  Royal 
Observatory  at  Paris  exhibit  undoubted  evidence  of  the  existence 
of  phases  in  thecomet  of  168s  :  but  neither  Halley  nor  any  other 
astronomer  who  observed  this  comet  has  given  the  slightest  inti- 
mation that  any  phase  phenomena  were  visible.  James  Cassini 
mentions  the  existence  of  phases  in  the  comet  of  1744'';  on  the 
other  hand,  Heinsius  and  Ch^ux,  who  paid  particular  attention 
to  this  comet,  positively  deny  having  seen  anything  of  the  kind, 

■  Phil.  Trant.,  vul.  oil.  p.  115  tt  lej.  ■■  M4i».  Aead.  da  jSneMBi,  1744,  p. 


Chap.  I.]  General  Remarks.  267 

More  recently  Cacciatore^  of  Palermo,  expressed  a  decided  convic- 
tion that  he  had  seen  a  crescent  in  the  comet  of  1 819. 

Arago  sums  up  by  saying  that  the  observations  of  M.  Cacciatore 
prove  only  that  the  nuclei  of  comets  are  sometimes  very  irregular  *. 
Sir  W.  Herschel  states  that  he  could  see  no  signs  of  any  phases  in 
the  comet  of  1807,  although  he  fully  ascertained  that  a  portion  of 
its  disc  was  not  illuminated  by  the  Sun  at  the  time  of  observation^. 
The  general  opinion  now  is  against  the  existence  of  phases,  and 
thus  we  must  consider  that  comets  shine  by  their  own  inherent 
light ;  but  the  observations  of  Airy  and  others  on  Donati^s  comet 
in  1858  point  to  exactly  the  opposite  conclusion,  at  least  as  re- 
gards the  tail  of  that  comet  L 

Some  comets  have  been  observed  with  round  and  well-defined 
planetary  discs.  Seneca  relates  that  one  appeared  after  the  death 
of  Demetrius,  king  of  Syria,  but  little  inferior  to  the  Sun  [in  size  ?]; 
being  a  circle  of  red  fire,  sparkling  with  a  light  so  bright  as  to 
surmount  the  obscurity  of  night.  The  comet  of  1652,  seen  by 
Hevelius,  was  almost  as  large  as  the  Moon,  though  not  nearly  so 
bright.  The  comets  of  1665  and  1682  are  described  as  having 
been  as  well  defined  in  their  outlines  as  the  planet  Jupiter. 

There  are  several  curious  phenomena  connected  with  the  tails 
of  comets  which  require  notice.  It  was  observed  by  Pierre  Apian 
that  the  trains  of  5  comets,  seen  by  him  between  the  years  1531 
and  1539,  were  ixxmeA  from  the  Sun,  forming  a  prolongation  of  the 
radius  vector,  the  imaginary  line  joining  the  Sun  and  the  comet ;  as 
a  general  rule,  this  has  been  found  to  be  the  case  ™,  although  ex- 
ceptions do  occur. 

Thus  the  tail  of  the  comet  of  1577  deviated  21**  from  the  line  of 
the  radius  vector.  Valz  has  stated  that  the  tails  of  comets  iv. 
and  V.  of  1863  deviated  from  the  planes  of  the  orbits,  and  that 
only  2  other  comets  are  known  whose  tails  did  the  same°.  In 
some  few  instances,  where  a  comet  had  more  than  i  tail,  the  2°^ 
extended  more  or  less  towards  the  Sun ;    this  was  the  case  with  the 


'  Pop.  Ast.t  yoL  i.  p.  627,  £ng.  ed.  that  this  fact  was  noticed  by  the  Chinese 

^  Phil.  Trans.,  vol.  xcviii.  p.  156.  1808.  long  before  the  time  of  Apian.     CompUB 

'  Green.  Obs.,  1858.  Jiendus,  vol.  xvi.  p.  751. 

">  The  researches  of  M.  E.  Biot  shew  "  Compter  BenduSt  1864. 
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comets  of  1823  and  1851  (iv).  Although  comets  usually  have 
but  I  tail^  yet  2  is  by  no  means  an  uncommon  number;  and  indeed 
the  great  comet  of  1825  had  5  tails  (Dunlop)^  and  that  of  1744  as 
many  as  6,  according  to  Chesaux.  The  tails  of  many  comets  are 
curved^  so  as  frequently  to  resemble  in  appearance  a  sabre;  such 
was  the  case  with  the  comets  of  1843^  ^^44  (^^)i  ^^^  ^^5^  {^)y 
amongst  others.  The  comet  of  1769  had  a  double  curved  tail^ 
thus  COi  according  to  La  Nux^  who  observed  it  at  the  Isle  of 
Bourbon. 

The  trains  of  some  great  comets  have  been  seen  to  vibrate  in 
a  manner  somewhat  similar  to  the  Aurora  Borealis.  The  tail  of 
the  comet  of  1769  may  be  cited  as  one  of  these^  and  the  observer 
was  no  less  a  person  than  Pingr^.  The  vibrations  conmience  at 
the  head^  and  appear  to  traverse  the  whole  length  of  the  comet  in 
a  few  seconds.  It  was  long  supposed  that  the  cause  was  connected 
with  the  nature  of  the  comet  itself^  but  Olbers  hks  pointed  out  that 
such  appearances  could  only  be  fairly  attributed  to  the  effects  of 
our  own  atmosphere^  for  this  reason: — ''The  various  portions  of 
the  tail  of  a  large  comet  must  often  be  situated  at  widely  different 
distances  from  the  Earth;  so  that  it  will  frequently  happen  that 
the  light  would  require  several  minutes  longer  to  reach  us  from 
the  extremity  of  the  tail  than  from  the  end  near  the  nucleus. 
Hence^  if  the  coruscations  were  caused  by  some  electrical  emana- 
tion from  the  head  of  the  comet^  even  if  it  occupied  but  i  second  in 
passing  over  the  whole  surface^  several  minutes  must  necessarily 
elapse  before  we  could  see  it  reach  the  tail.  This  is  contrary  to 
observation^  the  pulsations  being  almost  instantaneous  ^.'* 

Respecting  the  physical  constitution  of  the  tails  of  comets  it 
may  be  said  that  probably  in  many  cases  they  are  hollow  cones. 
This  theory  would  accord  with  the  observed  fact  that  single  tails 
usually  increase  in  width  towards  their  extremities  and  are  divided 
in  the  middle  by  a  dark  band^  the  brilliancy  of  the  marges  ex- 
ceeding that  of  the  more  central  portions.  Similarly,  comets  with 
tails  of  tolerably  uniform  width  throughout  may  be  regarded  as 
hollow  cylinders. 

°  Mim.  Acad,  det  Scienen,  i775>  p.  593. 
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The  following  is  an  excellent  instance  of  the  ever-changing 
appearance  of  comets;  it  relates  to  the  one  of  1769.  On  Aug.  8, 
Messier,  whilst  exploring  with  a  a-foot  telescope,  perceived  a  round 
nebulous  body,  which  turned  out  to  be  a  comet.  On  the  15th  the 
tail  became  visible  to  the  naked  eye,  and  appeared  to  be  about  6"^ 
in  length ;  on  the  aSth  it  measured  15° ;  on  Sept.  2,  ^6"" ;  on  the 
6th,  49°;  and  on  the  loth,  60**.  The  comet  having  now  plunged 
into  the  Sun's  rays,  ceased  to  be  visible.  On  Oct.  8,  the  perihelion 
passage  took  place ;  on  the  24th  of  the  same  month  it  reappeared, 
but  with  a  tail  only  2°  long ;  on  Nov.  i  it  measured  6° ;  on  the 
8th  it  was  only  2^° ;  on  the  30th  it  was  i^ :  the  comet  then  dis- 
appeared. 
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CHAPTER    11. 


PERIODIC    COMETS. 


Periodic  Cornels  conveniently  divided  into  three  cloites. — Comets  in  Class  I. — Eneke^s 
Comet — The  resisting  medium. — Table  of  periods  of  reroluium. — Di  Vico's  Comdt. 
— Pons*s  Comet  of  1819. — Brorsen*s  Comet. — Biela's  Comet. — D'Arre^^s  Comet. — 
Faye's  Comet. — Michain*8  Comet  of  1 790. — List  of  Comets  presumed  to  he  of  short 
periods  hut  only  once  observed. — Comets  in  Class  II. — WestphaTs  Comet. — Pons*s 
Comet  of  181 3. — Di  Vieo*s  Comet  of  1846 — Olbers^s  Comet  of  1815. — Bror9en*s 
Comet  of  1847. — HaUey's  Comet. — Of  special  interest. — Risumi  of  the  early  history 
of  HaUey*s  labours. — Its  return  in  1759- — ^^  return  in  1835. — Its  history  prior 
to  153 1  traced  by  Hind. — Comets  in  Class  III  not  requiring  detailed  notice.  ^^ 
Hyperbolic  Comets. 

rilHE  comets  which  I  propose  treating  of  in  the  present  chapter 
-■-    may  be  conveniently  divided  into  3  classes  : — 

1 .  Comets  of  short  periods. 

2.  Comets  revolving  in  about  70  years. 

3.  Comets  of  long  periods. 

The  following  are  the  comets  belonging  to  Class  I,  with  which 
we  are  best  acquainted  : — 


I.  Encke 

7.  Di  Vico  . . 

.^.  Winnecke 

4  Broraen  . . 

5.  Biela 

6.  D'Arrest 

7.  Faye 

8.  M^chain 


Period. 

Next  Returu. 

Yews. 

3396 

x8f»8  Jane 

5*4^ 

187a  Feb.  (?) 

5*54 

1869  June 

5-581 

1868  May 

6-617 

1873  May 

6-64 

1 87 1  Jm. 

7-44 

1875  June 

13-66 

1871  Oct 
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No.  I  is  by  far  the  most  interesting  comet  in  the  list,  and  I 
shall  therefore  review  its  history  somewhat  in  detail. 

On  Jan.  17,  1786,  Mechain,  at  Paris,  discovered  a  small  tele- 
scopic comet  near  the  star  fi  in  the  constellation  Aquarius.  On 
the  following  day  he  announced  his  discovery  to  Messier,  who, 
from  some  cause  or  other,  did  not  see  it  till  the  19th,  on  which 
night  it  was  also  observed  by  Cassini  and  the  original  discoverer. 
It  was  tolerably  large  and  well  defined,  and  had  a  bright  nucleus, 
but  no  tail. 

On  Nov.  7, 1795,  Miss  Caroline  Herschel,  sister  of  the  celebrated 
Sir  W.  Herschel,  discovered  a  small  comet,  about  5'  in  diameter, 
without  a  nucleus,  but  yet  having  a  slight  central  condensation  of 
light.  Olbers  observed  it  on  Nov.  21,  when  it  was  too  faint  to 
allow  of  the  field  being  illuminated,  and  he  was  obliged  to  compare 
it  with  stars  in  the  same  parallel^  by  noting  the  times  of  transit 
across  the  field  of  view.  It  was  round,  badly  defined,  and  about 
3'  in  diameter.  The  orbit  greatly  perplexed  the  calculator,  and 
Prosperin  declared  that  no  parabola  would  satisfy  the  observations. 

On  Oct.  19, 1805,  Thulis,  at  Marseilles,  discovered  a  small  comet, 
which  was  faintly  visible  to  the  naked  eye.  Huth  states  that  on 
the  20th  it  was  very  bright  in  the  centre,  though  without  a 
nucleus,  and  4'  or  5'  in  diameter.  On  Nov.  i  the  same  observer 
saw  a  tail  3°  long.  Several  parabolic  orbits  were  calculated,  and 
one  elliptic  one  by  Encke,  to  which  a  period  of  12*127  years  was 
assigned. 

On  Nov.  26,  181 8,  the  indefatigable  Pons,  of  Marseilles,  dis- 
covered a  telescopic  comet  in  Pegasus,  which  was  very  small  and 
ill-defined.  As  it  remained  visible  for  nearly  7  weeks,  or  till 
Jan.  12,  1819-,  a  rather  long  series  of  observations  was  obtained; 
and  Encke,  finding  that  under  no  circumstances  whatever  would  a 
parabolic  orbit  fairly  represent  them,  determined  rigorously  to  in- 
vestigate the  elements  according  to  the  method  of  Gauss,  then  but 
little  practised.  Having  done  this,  he  found  that  the  true  form  of 
the  orbit  was  elliptical,  and  that  it  had  a  period  of  about  3^  years. 
On  looking  over  a  catalogue  of  all  the  comets  then  known,  he  was 
struck  with  the  similarity  which  the  elements  obtained  by  him 
bore  to  those  of  the  comets  of  1786  (i),   1795,  and  1805,  and  he 
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was  strongly  impressed  with  the  idea  that  the  one  then  under 
investigation  was  identical  with  those  comets^  more  particularly  ss, 
on  the  assumption  of  a  3i-year  period,  it  might  be  expected  to 
have  been  in  perihelion  at  about  those  epochs.  This  question 
could  only  be  settled  by  calculating  backwards  the  effects  of 
planetary  perturbation,  which  Encke  did  by  an  extraordinary  effort 
in  6  weeks.  He  was  accordingly  able  to  assure  himself  of  the 
identity  of  the  comet  of  1818  with  the  3  above-mentioned  ones, 
and  also  that  between  1786  and  18 18  it  had  passed  through  peri- 
helion 7  times  without  being  seen. 

Encke  then  turned  his  attention  to  its  next  return,  and  he  an- 
nounced that  the  comet  would  arrive  at  perihelion  on  May  2^, 
1822,  after  being  retarded  about  9  days  by  the  influence  of  the 
planet  Jupiter. 

"  So  completely  were  these  calculations  fulfilled,  that  astronomers 
universally  attached  the  name  of  'Encke'  to  the  comet  of  18 19, 
not  only  as  an  acknowledgment  of  his  diligence  and  success  in 
the  performance  of  some  of  the  most  intricate  and  laborious  com- 
putations that  occur  in  practical  astronomy,  but  also  to  mark  the 
epoch  of  the  first  detection  of  a  comet  of  short  period — one  of  no 
ordinary  importance  in  this  department  of  science.'^ 

It  unfortunately  happened  that  at  its  return  in  1822  the  position 
of  the  comet  in  the  heavens  was  such  as  to  render  it  invisible 
in  the  northern  hemisphere.  It  was  therefore  systematically 
watched  by  only  one  observer,  M.  Biimker,  who  discovered  it  on 
June  2,  at  the  private  observatory  of  Sir  T,  M.  Brisbane,  at  Para- 
matta, and  he  was  only  able  to  follow  it  for  3  weeks.  Riimker's 
observations  were,  however,  so  far  valuable,  that  besides  shewing 
that  the  comet  actually  did  come  back,  they  furnished  Professor 
Encke  with  the  means  of  predicting  with  greater  certainty  its  next 
return,  which  he  found  would  occur  on  Sept.  16, 1825. 

On  this  occasion  it  was  first  seen  by  Valz,  on  July  13,  but  was 
discovered  independently  by  more  than  one  other  astronomer. 
Cacciatore,  of  Palermo,  described  it  as  being  round,  with  a  faint 
nebulosity,  and  about  1°  30'  in  diameter. 

The  next  return  to  perihelion  took  place  on  Jan.  9, 1829.  Struve, 
at  Dorpat,  found  it  on  Oct.  13,  1828;  Harding,  at  Gottingen,  and 
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C^ambart,  at  Mstseilles,  both  saw  it  for  the  first  time  on  the  same 

day,  Oct.  27,  t^e  former  haviDg  been  on  the  look-out  since  Aug.  19, 

p.    g  and  it  was  veiy  generally  observed  till 

the  end  of  December  iu  the  same  year. 

On  Not.  30  it  was  visible  to  the  naked 

eye  as  a  star  of  the  6*''  magnitude,  and  a 

week  afterwards  it  had  become  as  bright 

0.6  a  star  of  the  5*''  magnitude.     The 

outline  of  the  coma  was  slightly  oval, 

with  the  minor  axis  (on  one  occasion 

at  least)  pointing  towards  the  Sun. 

The  4th  of  May   1832  was  calcn- 

E»o«'8  Conn;  Nov.  30,  .8.8.    j^^^  ^  ^;^^^  j,  ^f  ^he  next  perihe- 

(.W.  Strum.)  .,  *L,  ... 

htm  passage.    The  comet  was  discovered 

by  MoBsotti,  at  Buenos  Ayres,  June  i,  uid  by  Henderson,  at  the 
Cape  of  Good  Hope,  on  the  following  night.  Harding,  at  Oot- 
tingen,  who  saw  it  on  Aug.  21,  was  the  only  European  observer 
who  caught  a  glimpse  of  it,  owing  to  its  path  lying  chiefly  in  the 
southern  heavens. 

The  next  return  to  perihelion  was  fixed  for  Aug.  26,  1835.  The 
comet  was  seen  both  in  Europe  and  at  the  Cape  of  Good  Hope. 

The  9th  of  Dec.  1838  was  the  epoch  of  the  next  perihelion 
passage;  and  as  its  apparent  path  would  be  such  as  to  allow 
observations  to  be  made  in  Europe  under  very  favourable  con- 
ditions, it  was  looked  for  with  much  interest.  Boguslawsld  dis- 
covered it  on  Aug.  14;  but  Galle,  at  Berlin,  did  not  see  it  till 
Sept.  t6i  and  it  was  not  generally  seen  till  the  middle  of  October. 
At  about  the  end  of  the  first  week  in  November  it  was  visible  to 
the  naked  eye  in  Draco ;  with  a  telescope  a  rather  bright  nucleus 
was  seen,  and  the  general  form  of  the  coma  was  that  of  a  broad 
parabola. 

The  account  of  this  return  would  be  incomplete  were  I  not 
to  refer  to  a  peculiarity  connected  with  the  comef  s  motion,  which, 
though  it  attracted  Encke's  attention  as  far  back  as  1818,  was  not 
(either  as  regards  the  cause  or  effect)  placed  beyond  a  doubt 
till  the  present  passage.  He  found  that,  notwithstanding  every 
allowance  being  made  for  planetary  influence,  the  comet  always 
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attained  its  perihelion  distance  about  2^  hours  sooner  than  his 
calculations  led  him  to  expect.  In  order  to  account  for  this  gradual 
diminution  of  the  period  of  revolution,  which  in  1789  was  nearly 
1 213  days,  but  in  1838  was  scarcely  1211^  days,  Encke  conjec- 
tured the  existence  of  a  thin  ethereal  medium,  sufficiently  dense  to 
produce  an  effect  on  a  body  of  such  extreme  tenuity  as  the  comet 
in  question,  but  incapable  of  exercising  any  sensible  influence  on 
the  movements  of  the  planets.  ''This  contraction  of  the  orbit 
must  be  continually  progressing,  if  we  suppose  the  existence  of 
such  a  medium ;  and  we  are  naturally  led  to  inquire.  What  will  be 
the  final  consequence  of  this  resistance  ?  Though  the  catastrophe 
may  be  averted  for  many  ages  by  the  powerful  attraction  of  the 
larger  planets,  especially  Jupiter,  will  not  the  comet  be  at  last 
precipitated  on  the  Sun  ?  The  question  is  full  of  interest,  though 
altogether  open  to  conjecture.'' 

The  following  table,  published  by  Professor  Encke',  will  more 
clearly  illustrate  the  effect  of  the  resisting  medium  on  the  comet's 
periodic  time : — 


Year  of  PP.                        Period.  Days. 
1786 

1789 1212*79 

179a i2ia-67 

1795 13HS5 

1799 1213*44 

1802 1212*33 

1805 1212*22 

1809 I2I2'IO 

1812 I2I2'00 

1815 1211*89 

1819 1211*78 

1822 1211*66 

1825 1211-55 


Tear  of  PP.  Period.  BajB. 

1829 iaii*44 

1832 1211*32 

1835 1211*22 

1838 I2II*II 

1842 1210*98 

1845 1210*88 

1848 1220*77 

1852 1210*65 

«855 X21055 

1858 i2XO'44 

1862 X3XO'33 

1865 iaiO'22 


The  1838  return  is  also  noticeable  for  an  important  discovery  in 
physical  astronomy  which  it,  indirectly,  was  the  cause  of  evolving. 
In  Aug.  1835  the  comet  passed  very  near  the  planet  Mercury — so 
near,  in  fact,  that  Encke  shewed  that  if  Laplace's  value  of  Mer- 
cury's mass   were  correct,   the  planet's   attractive  power  would 


<^  Month,  Not,  R.  A.S.,  vol.  xix.  p.  70  (brought  down  to  the  preient  thne). 
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diminish  the  comet's  geocentric  R.A.  on  Nov.  2, 1838,  by  58',  and 
increase  its  declination  by  if.  As  the  observations  indicated  no 
such  disturbance  of  the  comet's  orbit^  it  was  obvious  that  the 
received  mass  of  the  planet  was  far  too  great^  and  a  much  lower 
value  has  since  been  adopted  b. 

Passing  over  the  returns  of  1842  and  1845^  as  offering  no  features 
of  particular  interest^  we  find  that  in  1848^  on  Sept.  24^  the  dia- 
meter of  the  comet's  head  was  8'^  and  that  it  was  just  visible  to 
the  naked  eye  on  Oct.  6,  and  for  some  weeks  subsequently.  Early 
in  November  it  had  a  tail  about  i**  long^  turned  from  the  Sun, 
and  another  and  smaller  one  directed  towards  that  luminary.  On 
Nov.  22,  at  midnight,  the  comet  was  distant  but  3,600,000 
miles  from  Mercury. 

Passing  over  also  the  returns  of  1852,  1855,  and  1858,  we  arrive 
at  that  of  1862,  the  seventeenth  on  record.  The  passage  through 
the  perihelion  took  place  on  Feb.  6,  but  the  comet  was  discovered 
by  Forster,  at  Berlin,  as  early  as  Sept.  28,  1861.  It  was  then 
very  faint,  and  difficult  of  observation.  The  same  character  applies 
to  the  return  of  1865,  which  was  observed  only  in  the  southern 
hemisphere. 

Di  Vice's  Comet. 

No.  2. — On  Aug.  22,  1844,  M.  Di  Vico,  at  Rome,  discovered  a 
telescopic  comet,  which,  towards  the  end  of  the  following  month, 
became  perceptible  to  the  naked  eye.  With  a  telescope  a  bright 
stellar  nucleus  and  a  short  tail  were  seen.  It  soon  became  evident 
that  the  observations  could  not  be  reconciled  with  any  parabolic 
orbit,  and  elliptic  elements  were  calculated  by  several  computers. 
The  most  complete  investigation  is  due  to  Briinnow,  who  found 
that  the  comet's  periodic  time  was  1993  days.  Carrying  on  his 
researches  to  the  next  return  to  perihelion,  which  would  occur  in 
the  spring  of  1850,  he  found  that  '^when  the  comet  was  near 
enough  to  the  Earth  to  be  otherwise  discerned,  it  was  always  lost 
in  the  Sun^s  rays,  the  geocentric  positions  of  the  Sun  and  comet 
at  perihelion  being  nearly  the  same,  and  continuing  so  for  some 

^  In  Hind's  ComeU,  p.  65  et  ««7.,  the  that  clearnefls  of  language  for  which  that 
general  principles  upon  which  these  in-  astronomer  is  noted  in  the  treatment  of 
quiries  are  conducted  are  laid  down  with      difficult  matters. 

T  2 
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months,  on  account  of  the  apparent  direct  movement  of  both 
bodies/' 

Its  next  return  to  perihelion  was  fixed  for  Aug.  6,  1855;  and 
as  it  would  be  favourably  situated  for  observation  hopes  were 
entertained  of  its  being  again  detected.  Such,  however,  was  not 
the  case;  nor  was  it  seen  in  1861  or  1866.  Certain  computations 
by  Le  Verrier  render  it  probable  that  this  comet  is  identical  with 
that  of  1678. 

PoNs's  Comet, 

No.  3,  was  discovered  by  M.  Pons,  on  June  la,  1819.  Professor 
Encke  assigned  to  it  a  period  of  5^  years,  which,  as  the  table  will 
shew,  was  a  very  close  approximation  to  the  truth.  It  was  not, 
however,  seen  from  that  time  till  March  8,  1858,  when  it  was 
detected  by  Winnecke,  at  Bonn,  and  by  him  regarded  as  a  new 
comet ;  but  he  soon  ascertained  the  identity  of  the  two  objects. 

Brobsen's  Comet, 

No.  4,  was  detected  by  M.  Brorsen,  at  Kiel,  on  Feb.  a6,  1846. 
The  observations  shewed  an  elliptic  orbit,  and  the  epoch  of  the 
ensuing  arrival  at  perihelion  was  fixed  for  Sept.  a6,  1851.  But 
its  position  then  was  not  very  favourable,  owing  to  its  proximity 
to  the  Sun,  and  it  escaped  observation.  Bruhns  again  discovered 
it  on  March  18,  1857.  I  saw  it  on  March  23;  it  possessed  the 
usual  nebulous  appearance  common  to  these  objects,  and  had  a 
diameter  of  about  2',  though  it  was  unfavourably  placed  in  the 
morning  twilight,  which  probably  marred  its  brilliancy. 

Biela's  Comet, 

No.  5,  is  another  very  remarkable  periodic  comet,  hardly  less 
interesting  than  Encke's;  so  I  shall  recapitulate  its  history  at 
some  length. 

On  March  8,  1772,  Montaigne,  at  Limoges,  discovered  a  comet 
in  Eridanus,  which,  from  want  of  suitable  instruments,  he  was 
unable  properly  to  observe  or  see  at  all  beyond  the  20th ;  Messier, 
however,  saw  it  four  times  between  March  26  uid  April  3. 

On  Nov.  10,  1805,  Pons  discovered  a  comet,  which  was  found 
also  by  Bouvard  on  the  i6th.     It  had  a  nucleus,  and  the  diameter 
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of  the  coma  on  Nov.  23  was  6'  or  7'.  On  Dec.  8  it  was  at  its 
nearest  point  to  the  Earthy  and  Olbers  saw  it  without  a  telescope. 
Bessel  and  others  calculated  elliptic  elements^  and  its  identity  with 
the  comet  of  1772  was  suspected^  though  no  predictions  as  to  its 
next  return  were  ventured  on. 

On  Feb.  27^  1826^  M.  Biela^  at  Josephstadt^  Bohemia^  discovered 
a  faint  comet  in  Aries^  which  Grambart  found  on  March  9.  The 
observations  extended  altogether  over  a  period  of  8  weeks^  and  it 
was  soon  made  evident  that  the  orbit  was  an  ellipse  of  moderate 
eccentricity;  and  farther^  that  the  comet  was  the  same  as  that 
which  had  already  been  observed  in  1772  and  1805. 

In  anticipation  of  its  next  return  in  1832  investigations  into  the 
orbit  of  the  comet  and  the  perturbations  by  which  it  would  be 
affected  were  undertaken  by  Santini^  Damoiseau^  and  Olbers. 
Santini  found  that  its  period  in  1826  was  2455  days^  but  that  the 
attraction  of  the  Earth,  Jupiter,  and  Saturn  would  accelerate  its 
next  return  by  rather  more  than  10  days,  which  he  accordingly 
fixed  for  Nov.  27>  1832.  Damoiseau^s  investigations  gave  a  similar 
result.  Early  in  1828  Olbers  called  attention  to  the  fact  that  in 
1832  the  comet  would  pass  within  20,000  miles  of  the  Earth^s 
orbit ;  but  that  as  the  Earth  would  not  reach  that  particular  point 
till  one  month  after  the  comet  had  passed  it,  no  danger  was  to  be 
apprehended.  Astronomers  were  quite  satisfied  as  regards  this 
matter,  but  their  confidence  was  not  shared  in  by  the  unscientific 
many,  who  were  greatly  alarmed  lest  a  collision  should  take  place, 
and  our  globe  become  a  sufferer  thereby. 

Punctually  at  the  time  appointed  the  comet  returned  to  peri- 
helion, through  which  it  passed  within  12  hours  of  the  time  fixed 
by  Santini  five  years  previously.  It  was  first  seen  at  Rome  on 
Aug.  23,  but,  owing  to  its  excessive  faintness,  it  was  not  generally 
observed  till  two  months  later. 

The  next  return  was  calculated  to  take  place  on  July  23,  1839, 
but  in  consequence  of  its  close  proximity  to  the  Sun,  the  comet 
was  not  detected. 

Continuing  his  researches,  Santini  fixed  on  Feb.  11,  1846,  as 
the  epoch  of  the  next  perihelion  passage ;  and  as  it  would  be  visible 
for  a   considerable  period,   much  interest  was   excited  amongst 
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astronomers^  who  anticipated  that  a  remarkably  good  opportunity 
would  be  afforded  for  correcting  the  theory  of  its  motion. 

Di  Vico,  at  Bome^  discovered  it  on  Nov.  a8,  1845,  with  the 
powerful  telescope  at  his  command^  and  Galle^  at  Berlin^  saw  it 
two  days  later ;  but  by  the  generality  of  observers  it  was  not  seen 
till  the  second  or  third  week  in  December.  I  have  already  ad- 
verted to  the  very  curious  phenomenon  which  took  place  at  this 
apparition  of  Biela's  comet. 

The  comet  returned  again  to  perihelion  in  Sept.  1852^  and  was 
visible  for  three  weeks.  The  same  reason  which  prevented  it  being 
seen  in  1839  also  caused  it  to  pass  undetected  in  May  1859;  so 
we  had  to  await  its  next  appearance  in  Jan.  1866  for  further 
information  relative  to  its  physical  condition.  This  return  was 
looked  forward  to  with  much  interest ;  as  it  was  important  to  know 
what  changes  had  occurred  during  the  preceding  13  years  in  the 
relative  position  of  the  two  portions  so  strangely  rent  asunder^  as 
already  narrated — whether  they  still  travelled  through  space  in 
company  or  not.  That  between  1846  and  1852  they  had  become^ 
for  all  practical  purposes,  two  complete  comets,  seems  indisputable  i 
and  in  the  sweeping  Ephemerides  issued  by  Mr.  Hind,  the 
Superintendent  of  the  Nautical  Almanac,  for  facilitating  their  re- 
discovery in  1859,  two  perfectly  independent  sets  of  elements  and 
positions  were  given.  Henceforward,  then,  it  will  appear  reason- 
able to  speak,  not  of  Biela^s  comet,  but  of  Biela^s  comets. 

It  was  calculated  that  the  comet  would  have  been  seen  in  1865-6 
under  very  favourable  circimistances,  and  it  was  systematically 
looked  for  at  numerous  European  Observatories,  but  without 
success.  Much  disappointment  was  felt  by  astronomers :  and  even 
the  continued  existence  of  the  comet  seems  now  open  to  uncer- 
tainiy,  startling  as  such  a  suggestion  may  appear  ^. 

IV Arrest's  Comet, 

No.  6. — On  June  27, 1851,  D' Arrest,  at  Leipsic,  discovered  a  very 
faint  telescopic  comet  in  the  constellation  Pisces.     Within  a  fort- 

^  I  assume  that  we  are  required  to  Boyal  Astronomical  Society,  in  the  spring 

ignore   certain   alleged  observations   of  of  1866.     (See  Monik,  Noi,  B.  A.S.,  toL 

*' something  **  which  formed  a  topic  of  xxvi.  pp.  241  and  371.) 
discussion  at  several   meetings    of  the 
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night  of  its  discovery  the  observations  appeared  irreconcilable  with 
a  parabolic  orbit^  and  it  was  soon  placed  beyond  a  doubt  that 
its  true  path  was  an  ellipse.  The  comet  was  visible  for  more  than 
three  months;  but  notwithstanding  this,  the  results  of  the  cal- 
culations for  period  were  very  discordant,  and  the  (predicted) 
return  of  the  comet  in  the  winter  of  1857-8  must  be  regarded 
rather  in  the  light  of  a  successful  guess  than  anything  else.  Sir 
Thomas  Maclear,  at  the  Royal  Observatory,  Cape  of  Good  Hope, 
was  the  only  observer  of  this  apparition. 

M.  Yillarceau  communicated  to  the  Academy  of  Sciences  at  Paris, 
on  July  22, 1 861,  an  interesting  memoir  on  the  orbit  of  this  comet, 
which  I  am  induced  to  place  on  record  (in  an  epitomised  form)  in 
these  pages,  as  it  will  serve  to  give  the  general  reader  some  in- 
sight into  the  nature  of  the  mathematical  investigations  which  the 
calculators  of  cometary  orbits  are  called  upon  to  conduct : — 

The  perturbations  experienced  by  this  comet  are  owing  chiefly  to  the  action  of 
Jupiter,  to  which  it  is  so  near,  that  during  the  month  of  April  of  the  present  year  its 
distance  was  only  0*36,  or  little  more  than  one4hird  of  the  Earth's  distance  from  the 
Sun.  Before  and  after  this  epoch,  Jupiter  and  the  comet  have  continued,  and  will 
continue,  so  little  distant  irom  one  another,  as  to  produce  the  great  perturbations  to 
which  the  comet  is  at  present  subject. 

From  a  table  of  the  elements  of  the  perturbations  produced  by  Jupiter,  Saturn, 
and  Mars,  in  the  interval  between  the  appearance  of  the  comet  in  1857-8,  and  its 
return  to  its  perihelion  in  1864,  M.  Villarceau  obtained  the  following  results : — 

(i)  The  longitude  of  the  perihelion  will  have  diminished  4°  35'  to  Aug.  1863, 
and  will  remain  sensibly  stationary  for  about  a  year  from  that  epoch,  (a)  The  longi- 
tude of  the  node  will  have  continually  diminished  to  the  amount  of  2°  8'.  (3)  The 
inclination  will  have  increased  1°  49'  to  the  middle  of  1862,  and  will  diminish  6' 
during  a  year,  continuing  stationary  during  the  year  following.  (4)  The  eccen- 
tricity, after  having  increased  to  the  middle  of  i860,  wiU  diminish  rather  quickly, 
and  will  remain  stationary  from  1 863-5  ^  1864-6.  'But  of  all  these  perturbations,' 
says  M.  Villarceau,  *  the  most  considerable  are  those  of  the  mean  motion  and  the 
mean  anomaly.  After  having  increased  from  5"  to  July  i860,  the  mean  motion 
diminishes  9"  in  one  year,  and  nearly  12"  in  the  year  following,  remaining  stationary 
in  the  last  year,  and  with  a  value  15",  5"  less  than  at  its  origin.  The  perturbations 
of  the  mean  anomaly,  after  having  gradually  increased  till  i860,  will  increase  rapidly 
till  1861,  when  they  wiU  amount  to  10°  38' ;  and  setting  out  from  this,  they  will 
increase  9',  and  in  1863  and  1864  they  will  have  resumed  the  same  value  which  they 
had  in  1861.' 

The  effect  of  the  first  of  these  perturbations  will  be  to  increase  the  time  of  the 
comet's  revolution  by  about  69  days  ;  and  of  the  second,  to  hasten  by  49  days  the 
return  of  the  comet  to  its  perihelion  in  1864.  It  will  pass  its  perihelion  on  Feb.  a6, 
whereas  without  the  influence  of  these  perturbations  it  would  have  passed  it  on 
April  15. 

M.  Villarceau   shewed  that  it  would  be  very  difficult  to  see  it  on  its  return. 
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From  Got.  25,  1863,  to  April  J  J,  1864,  its  distance  from  the  Son  was  lam  than  16°  or 
18%  so  that  it  oould  not  then  have  been  seen,  its  lustre  being  only  0*037  ^  ^®  ^'"^ 
of  these  dates,  aod  0*089  at  the  second.  By  Aug.  a  a,  1864,  it  was  to  have  increaaed 
to  0*035,  ^bo  differeDoe  of  longitude  between  it  and  the  Son  being  the  69^  When 
Sir  T.  Maclear  observed  the  comet  at  the  Ci^  in  the  beginning  of  1858,  its  laatro 
was  0*190,  and  it  was  described  as  yery  feeble. 

As  was  anticipated,  the  comet  escaped  notice  altogether  at  its 
return  to  perihelion  in  1864. 

Fate's  Comet, 

No.  7,  was  discovered  by  M.  Faye,  at  the  Paris  Observatory,  on 
Nov.  22, 1843,  being  then  in  the  constellation  Orion.  It  exhibited 
a  bright  nucleus,  with  a  short  tail,  but  was  never  sufficiently 
brilliant  to  be  seen  by  the  unaided  eye.  That  the  comet's  path 
was  an  ellipse  seems  to  have  been  suspected  independently  by 
more  than  one  observer.  To  Le  Yerrier,  however,  is  due  the 
honour  of  having  completely  investigated  its  elements.  That 
astronomer  shewed  that  the  comet  came  into  our  cfystem  at  least 
as  far  back  as  the  year  1747,  when  it  suffered  much  perturbation 
from  Jupiter^ ;  and,  further,  that  its  next  perihelion  passage  would 
occur  on  April  3,  1851. 

It  was  rediscovered  by  Ghallis,  at  Cambridge,  on  Nov.  a8, 1850. 
O.  Struve  described  it,  under  the  date  of  Jan.  24,  1851,  as  having 
a  diameter  of  24".  During  the  whole  time  it  was  observed  to  have 
scarcely  any  nucleus  or  tail.  This  comet  returned  in  due  course 
to  perihelion  on  Sept.  i!2,  1858,  having  been  detected  four  days 
previously  by  Bruhns,  at  Berlin.     It  was  also  seen  in  1866. 

No.  8  was  detected  by  Mdchain,  on  Jan.  9,  1790.  It  was  only 
followed  for  a  fortnight.  On  Jan.  11  Messier  could  see  but  a 
confused  nebulosity,  without  any  indications  of  a  nucleus.  It  was 
not  re-observed  until  its  return,  at  the  commencement  of  1858,  on 
Jan.  4  of  which  year  it  was  detected  by  H.  P.  Tuttle,  at  Harvard 
College  Observatory,  Cambridge,  U.S. 

^  The  intelligent  reader  may  wonder  the  aphelia  of  all  these  oomets  lie  Tery 

why  Jupiter  Lb  bo  [constantly  called  to  close   to  the  orbit  of  Jupiter ;  so  that 

account  as  the  great  bugbear  of  these  when  at  their  greatest  distance  from  the 

short-period  comets.      The  reasons  are  Sun,  they  are  constantly  liable  to  rtt^ 

two  in  number : — (i)  The  immense  itmim  eonfre*,  more  or  less  intimate,  thongh  by 

of  Jupiter  compared  with  that  of  any  of  no    means    friendly,  with   the   colosnl 

the  other  planets  ;  and  (3)  the  fact  that  planet. 
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Short  periods  have  also  been  assigned  to  the  following  comets ; 
but  since  much  uncertainty  prevails  about  them^  they  have  not 
been  included  with  the  foregoing* : — 


Clausen  (1743,  i) 
Burckhardt  (1766,  ii) 
Lexell  (1770,  i) 


Pigott  (1783) 
Blainpaia  (18 19,  y) 
Peters  (1846,  yi) 


In  Class  II.  we  have  the  following  comets : — 


Name. 


I.  Westphal  (1852,  iy) 
a.  Pons  (i8ia).. 

3.  Di  Vicjo  (1846,  iv) 

4.  01bers(i8i5) 

5.  Brorsen  (1847,  ▼) 

6.  HaDey 


FRriod. 

Probable  next 
Betum. 

Teus. 

6777 

1920 

70-68 

1883 

7325 

1919 

74-05 

1889 

74*97 

1933 

7678 

191a 

It  has  been  thought  by  some  astronomers  that  4  of  the  above  may 
have  originally  constituted  a  single  comet. 

No.  6.  The  comet  whose  history  is  the  most  interesting  is 
undoubtedly  that  which  bears  the  name  of  our  illustrious  country- 
man Halley^  which  has  a  period  of  about  75  years;  and  as  it 
will,  moreover,  serve  to  exemplify  what  I  have  already  said  on 
the  nature  and  appearance  of  comets,  I  cannot  do  better'  than 
give  a  summary  of  its  history,  from  the  time  of  its  last  appear- 
ance, in  1835,  back  to  the  earliest  ages.  Four  years  after  the 
advent  of  the  celebrated  comet  of  1680,  Sir  Isaac  Newton  pub- 
lished his  Principia,  in  which  he  applied  to  that  body  the  general 
principles  of  physical  investigation  first  promulgated  in  that  work. 
He  explained  the  method  of  determining,  by  geometrical  construe- 
tion,  the  visible  portion  of  the  path  of  a  body  of  this  kind,  and 
invited  astronomers  to  apply  these  principles  to  the  various  re- 
corded comets.     Such  was  the  efiect  of  the  force  of  analogy  upon 


*  The  reader  will  find  a  few  brief  par- 
ticulars in  the  notes  to  the  first  catalogue, 
post ;  but  for  further  information  he  must 
consult  Hind's  Ck>m€t$,  or  Cooper's  Co- 


meUe  Orftito— two  works  which  every- 
body interested  in  this  branch  of  as- 
tronomy ought  to  possess. 
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the  mind  of  the  great  philosopher,  that,  without  awaiting  the 
discovery  of  a  periodic  comet,  he  holdly  assumed  these  bodies  to 
be  analogous  to  planets  in  their  revolutions  round  the  Sun. 
Startling  as  this  theory  might  have  been  when  first  propounded^ 
yet  it  was  not  long  before  it  was  fully  substantiated.  Halley, 
who  was  then  a  young  man,  undertook  the  labour  of  examining 
the  circumstances  attending  all  the  comets  previously  recorded 
with  a  view  to  ascertain  whether  any,  and,  if  so,  which  of  them,  ap- 
peared to  follow  the  same  path.  Carefiil  investigation  soon  proved 
the  similarity  of  the  orbits  of  the  comets  of  1531  and  1607,  and 
that  they  were,  in  fact,  the  same  as  that  followed  by  the  comet 
of  1682,  seen  by  himself.  He  suspected  therefore  (and  rightly 
too,  as  the  sequel  shewed)  that  the  appearances  at  these  3  epochs 
were  produced  by  the  3  successive  returns  of  one  and  the  same 
body,  and  that  consequently  its  period  was  somewhere  about 
75i  years.  There  were  nevertheless  2  circumstances  which  might 
be  supposed  to  ofier  some  difficulty,  inasmuch  as  it  appeared  that 
the  intervals  between  the  successive  returns  were  not  precisely 
equal,  and  that  the  inclination  of  the  orbit  was  not  exactly  the  same 
in  each  case.  Halley,  however,  "  with  a  degree  of  sagacity  which, 
considering  the  state  of  knowledge  at  the  time,  cannot  fail  to 
excite  unqualified  admiration,  observed  that  it  was  natural  to 
suppose  that  the  same  causes  which  disturbed  the  planetary 
motions  would  likewise  act  on  comets;^'  in  other  words,  that 
the  attraction  of  the  planets  would  exercise  some  influence 
on  comets  and  their  motions.  The  truth  of  this  idea  we  have 
already  seen  exemplified  in  the  case  of  the  comet  of  1770.  In 
fine,  Halley  found  that  in  the  interval  between  1607  and  1682 
the  comet  passed  so  near  Jupiter  that  its  velocity  must  have  been 
considerably  increased,  and  its  period  consequently  shortened;  he 
was,  therefore,  induced  to  predict  its  return  about  the  end  of  1758 
or  the  beginning  of  1759.  Although  Halley  did  not  survive  to 
see  his  prediction  fulfilled,  yet,  as  the  time  drew  near,  great 
interest  was  manifested  in  the  result,  more  especially  as  Clairaut 
had  named  April  13,  1759,  ^^  ^^  ^^7  ^^  which  the  perihelion 
passage  would  take  place.  It  was  not  destined,  however,  that  a 
professional  astronomer  should  be  the  first  to  detect  the  comet  on 
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its  anticipated  return ;  that  honour  was  reserved  for  a  farmer  near 
Dresden^  named  Palitzch^  who  saw  it  on  the  night  of  Christmas- 
day,  1758.  But  few  observations  were  made  before  the  perihelion 
passage  (on  March  12),  owing  to  the  comet's  proximity  to  the 
Sun ;  during  the  months  of  April  and  May,  however,  it  was  seen 
throughout  Europe,  although  to  the  best  advantage  only  in  the 
southern  hemisphere.     On  May  5  it  had  a  tail  47"  long. 

Previous  to  the  last  return  of  this  comet,  in  1835,  numerous 
preparations  were  made  to  receive  it.  Early  in  that  year  Professor 
Bosenberger,  of  Halle,  published  a  memoir,  in  which  he  announced 
that  the  perihelion  passage  would  take  place  on  Nov.  11,  though 
Damoiseau  and  Pont^coulant  both  fixed  upon  a  somewhat  earlier 
period. 

Let  us  now  see  how  far  these  expectations  were  realised.  The 
comet  was  seen  at  Rome  on  Aug.  5 ;  as  it  approached  the  Sun 
it  g^radually  increased  both  in  magnitude  and  brightness,  but  did 
not  become  visible  to  the  naked  eye  till  Sept.  20.  On  Oct.  19 
the  tail  had  attained  a  length  of  fully  30"".  The  comet  soon  after 
this  was  lost  in  the  rays  of  the  Sun,  and  passed  through  its 
perihelion  on  Nov.  15,  or  within  4  days  of  the  time  named  by 
M.  Bosenberger.  It  reappeared  early  in  Jan.  1836,  and  was 
observed  in  the  south  of  Europe  and  at  the  Cape  till  the  middle 
of  May,  when  it  was  finally  lost  to  view,  not  to  be  seen  again 
till  the  year  1912'. 

We  have  seen  above  that  Halley  traced  his  comet  back  to  the 
year  1531  j  we  must  now,  therefore,  briefly  review  its  probable 
history  prior  to  that  date,  as  made  known  by  the  labours  of 
modem  astronomers.  Halley  surmised  that  the  great  comet  of 
1456  was  identical  with  the  one  observed  by  him  in  1682,  and 
M.  Pingr^  converted  Halley^s  suspicion  into  a  certainty.  The 
preceding  return  took  place,  as  M.  Laugier  has  shewn,  in  1378, 
when  it  was  observed  both  in  Europe  and  China ;  but  the  comet 
does  not  appear  to  have  been  so  bright  as  in  1456.  In  Sept. 
1 30 1  a  great  comet  is  mentioned  by  nearly  all  the  historians  of 
the  period.  It  was  seen  as  far  north  as  Iceland.  It  exhibited  a 
bright  and  extensive  tail,  stretched  across  a  considerable  part  of 

'  Drawings  by  Beasel  and  Struve  will  be  found  laikeAst.  Nach.,  Nos.  397  and  302. 
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the  heavens.  This  was  most  likely  Halley's  comet.  The  previous 
apparition  is  not  so  well  ascertained^  but  most  likely  occurred 
in  July  1223^  when  it  is  recorded  in  an  ancient  chronicle  that 
a  wonderful  sign  appeared  in  the  heavens  shortly  before  the  death 
of  Philip  Augustus  of  France^  of  which  event  it  was  generally 
considered  to  be  the  precursor.  It  was  only  seen  for  8  days. 
Although  but  little  information  is  possessed  about  it^  and  that 
of  a  very  vague  character^  yet  it  seems  probable  that  this  was 
Halley^s  comet.  In  April  1145  ^  great  comet  is  mentioned  by 
European  historians^  which  is  one  of  the  most  certain  of  our  series 
of  returns.  There  is  considerable  probability  in  favour  of  the 
appearance  of  the  comet  in  the  year  of  the  Norman  Conquest^  or 
in  April  1066.  The  fSeunous  body  which  astonished  Europe  in  that 
year  is  minutely,  though  not  very  clearly,  described  in  the  Chinese 
annals ;  and  the  path  there  assigned  to  it  is  found  to  agree  with  ele- 
ments which  bear  a  great  resemblance  to  those  of  Halley's  comet. 
In  England  it  was  considered  the  forerunner  of  the  victory  of 
William  of  Normandy,  and  was  looked  upon  with  universal  dread. 
It  was  equal  to  the  Full  Moon  in  size,  and  its  train,  at  first  small, 
increased  to  a  wonderful  length.  Almost  every  historian  and 
writer  of  the  11***  century  bears  witness  to  the  splendour  of  the 
comet  of  1066,  and  there  can  be  but  little  doubt  that  it  was 
Halley^s.  Previous  to  this  year  the  comet  appeared  in  989,  912, 
837^  760^  684,  608,  530,  451,  373,  295,  ai8,  141,  66  A.D.,  and  11 
B.C.,  all  of  which  apparitions  have  been  identified  by  Mr.  Hind*. 

Concerning  the  comets  belonging  to  Class  III.  it  is  not  neces- 
sary to  notice  them  further  here;  they  will  be  found  in  the 
catalogue. 

Though  not  belonging  to  this  chapter,  yet  as  they  are  so  few  in 
number,  I  may  just  mention  that  the  following  are  the  only 
hyperbolic  comets  yet  known  with  any  certainty : — 

1729        1818  (iii). 

1771  ..  ..  ..  1840  (i). 

1774  ••         ••  ••  ••        1843  (u). 

*  Month,  Not.  R.  A.S.,  vol.  x.  p.  5 1  e<  geq. 


Fig,.  89-94. 

pbot-a. 

B 

B 

Aug.  7. 

Aug.  18. 

Aug.  18. 

Aug.  19. 

Aug.  ,2. 

Aug.  «9- 
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CHAPTER   III. 

REMARKABLE    COMETS. 

The  Comet  of  1864  (\i).—The  Coma  of  1B62  (iii).— The  Great  Comet  of  iS6i.—The 
The  Comet  of  1860  {in),— The  Great  Comet  of  1858.— 77*«  Great  Comet  of  1843.— 
The  Great  Comet  of  181 1. 

THE  comets  Tvhicli  might  be  included  under  the  above  head 
are  so  numerous  as  to  make  it  impossible  that  all  should 
receive  proper  attention.  I  must  therefore  limit  mjself  to  some 
few  of  the  most  interesting. 

The  comet  of  1864  (ii),  visible  in  August,  had  a  head  unusually 
large,  scarcely  less  than  ^°  in  diameter.  To  the  naked  eye  it 
resembled  on  the  4*^  of  that  month  a  dull  blurred  star  of  the 
3'^  magnitude,  but  in  the  telescope  it  appeared  as  a  circular  mass 
of  nebulous  matter  with  a  central  condensation  by  no  means 
dissimilar  to  the  planetary  nebula  in  Virgo.  There  was  a  faint 
tail,  but  it  presented  no  special  feature  of  interest. 

The  comet  of  1862,  (iii),  though  not  one  of  first-class  brilliancy, 
was  nevertheless  a  very  interesting  object,  more  particularly  from 
its  having  presented  a  series  of  remarkable  luminous  jets,  emana- 
tions ever  changing,  from  its  nucleus.  Annexed  are  some  views 
drawn  by  the  Rev.  J.  Challis  of  Cambridge.  It  had  also  a  tail, 
which,  on  Aug.  27,  was  20°  long. 

Few  comets  created  greater  sensation  than  the  Great  Comet  of 
1 86 1  (ii.  of  that  year).  It  was  discovered  by  Mr.  J.  Tebbutt,  an 
amateur  observer  in  New  South  Wales,  on  May  13,  prior  to  its 
perihelion  passage,  which  took  place  on  June  11.  Passing  from 
the  southern  hemisphere  into  the  northern,  it  became  visible  in 
this  country  on  June  29,  though  it  was  not  generally  seen  till  the 
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next  evening.  So  many  accounts  of  it  were  published  that  selection 
is  difficulty  but  the  following  pages  will  be  found  to  contain 
an  epitome  of  the  most  noticeable  features*. 

Sir  J.  Herschel  observed  it  in  Kent.     He  says : — 

*'The  comet,  which  was  first  Doticed  here  on  ScUurday  night,  Jniw  19^  bj  m 
resident  in  the  vilUge  of  Hawkhurst  (who  informs  me  that  his  attention  «•■  dz»wa 
to  it  hy  its  being  taken  by  some  of  his  family  for  the  Moon  rising),  Iwwmn  OOB- 
spicuously  visible  on  the  30^^,  when  I  first  observed  it.  It  then  hr  mun&mimd.  la 
brightness  any  comet  I  have  before  observed,  those  of  iSii  and  the  rwanfe  qilfliidid 
one  of  1858  not  excepted.  Its  total  light  certainly  fur  surpassed  that  of  any  flsadl 
star  or  planet,  except  perhaps  Venus  at  its  maximum.  Hie  tail  extended  flrom  Hi 
then  position,  al)out  8  or  10°  above  the  horizon,  to  within  10  or  zs°  of  the  Pnlw  itai, 
and  was  therefore  about  30"  in  length.  Its  greatest  breadth,  whieh  dhniniehrf 
rapidly  in  receding  firom  the  head,  might  be  about  5*^.  Viewed  through  a  good 
achromatic,  by  Peter  DoUond,  of  2  {-inches  aperture  and  4-(eet  focal  lengtha  fteoE- 
hibited  a  very  condensed  central  light,  which  might  fairly  be  called  a  nodloiia ;  Iml^ 
in  its  then  low  situation,  no  other  physical  peculiarities  could  be  obierfed.  On  Um 
I**  instant  it  was  seen  early  in  the  evening,  but  before  I  oould  bring  a  talaMOpt  to 
bear  on  it  clouds  intervened,  and  continued  till  morning  twili^i.  On  Cho  «■* 
(Tuesday),  being  now  much  better  situated  for  observation,  and  the  idgfat 
clear,  its  appearance  at  midnight  was  truly  magnificent.  Hie  tail,  001 
diminished  in  breadth,  had  shot  out  to  an  extravagant  length,  extending  from  tho 
place  of  the  head  above  •  of  the  Great  Bear  at  least  to  w  and  p  Henmlia ;  tihal  la  to 
say,  about  72°,  and  ])erha]w  somewhat  further.  It  exhibited  no  bifnrcatioa  or  lalend 
oflbets,  and  no  curvature  like  that  of  the  comet  of  1 858,  but  appeared  rather  ■■  » 
narrow  prolongation  of  the  northern  side  of  the  broader  portion  near  the  oamot  tfaui 
as  a  thinning  off  of  the  latter  along  a  central  axis,  thus  imparting  an  nnqriniiMtriool 
aspect  to  the  whole  phenomenon. 

"  Viewed  through  a  7-feet  Newtonian  reflector  of  6  inches  aperture  tho  mMiooo 
was  uncommonly  vivid,  and  was  concentrated  in  a  dense  pellet  of  not  mora  ifaaa  4" 
or  5"  in  diameter  (about  315  miles).  It  was  round,  and  so  veiy  little  wooU^  that  ift 
might  almost  have  been  taken  for  a  small  planet  seen  through  a  denae  fog ;  atfll  ao 
far  from  sharp  definition  as  to  preclude  any  idea  of  its  being  a  solid  body.  No  qioilc* 
ling  or  star-light  point  could,  however,  be  discerned  in  iU  centre  with  the  poww  lUid 
(96),  nor  any  separation  by  a  darker  interval  between  the  nndeoa  and  the  irffmnUft 
envelope.  Tlie  gradation  of  light,  though  rapid,  was  continuous.  Neither  on  thii 
occasion  was  there  any  uneqnirocai  appearance  of  that  sort  of  fiui  or  eeotor  of  BffA 
which  has  been  noticed  on  so  many  former  ones. 

"  The  appearance  of  the  3<^  was  nearly  similar,  but  on  the  4*^  the  fan,  tfaoiq^ 
feebly,  was  yet  certainly  perceived  ;  and  on  the  5^^  was  very  distinctly  viaible.  It 
consisted,  however,  not  in  any  vividly  radiating  jet  of  light  from  the  nncleos  of  any 
well-defined  form,  but  in  a  crescent-shaped  cap  formed  by  a  very  delicately  graduated 
condensation  of  tlio  light  on  the  side  towards  the  Sun,  connected  with  the  niibleaa« 
and  what  may  be  termed  the  cotna  (or  spherical  haze  immediately  surrounding  it),  bj 
an  equally  delicate  graduation  of  light,  very  evidently  supcri(»r  in  intensity  to  that 

*■  By  far  the  most  complete  account  is  that  by  the  Rev.  T.  W.  Webb  in  tho  iiontk. 
Not.  R.A.S.,  vol.  xxii.  p.  305  et  acq. 
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on  the  opposite  side.  Having  no  micronieter  attached,  I  could  only  estimate  the 
distance  of  the  brightest  portion  of  this  crescent  from  the  nucleus  at  about  7'  or  8', 
corresponding  at  the  then  distance  of  the  comet  to  about  35,000  miles.  On  the  4*^ 
(Thursday)  the  tail  (('reserving  all  the  characters  already  described  on  the  a"*')  passed 
through  a  Draconis  and  r  Herculis,  nearly  over  1}  and  c  Herculis,  and  was  traceable, 
though  with  difBcuIty,  almost  up  to  a  Ophiuchi,  giving  a  total  length  of  So"".  The 
northern  edge  of  the  tail,  from  a  Draconis  onwards,  was  perfectly  straight, — not  in 
the  least  curved, — which,  of  course,  must  be  understood  with  reference  to  a  great 
circle  of  the  heavens. 

**  Viewed,  on  the  5*^,  through  a  doubly  refracting  prism  well  achromatised,  no 
certain  indication  of  polarization  in  the  light  of  the  nucleus  and  head  of  the  comet 
could  be  perceived.  The  two  images  were  distinctly  separated,  and  revolved  round 
each  other  wiih  the  rotation  of  the  prism  without  at  least  any  marked  alternating 
difference  of  brightness.  Calculating  on  Mr.  Hind's  data,  the  angle  between  the  Sun 
and  Earth  and  the  comet  must  then  have  been  104",  giving  an  angle  of  incidence 
equal  to  53°,  and  obliquity  38**,  for  a  ray  supposed  to  reach  the  eye  after  a  single 
reflection  from  the  cometic  matter.  This  is  not  an  angle  unfavourable  to  polariza- 
tion, but  the  reverse.  At  66**  of  elongation  from  the  Sun  (which  was  that  of  the 
comet  on  the  occasion  in  question),  the  blue  light  of  the  sky  is  very  considerably 
polarised.  The  constitution  of  the  cornet^  therefore,  is  analogous  to  that  of  a  cloud  ; 
the  light  reflected  from  which,  as  is  well  known,  at  that  (or  any  other)  angle  of 
elongation  from  the  Sun,  exhibits  no  signs  of  polarity." 

In  a  letter  published  at  the  time  in  one  of  the  London  morning 
papers  Mr.  Hind  stated  that  he  thought  it  not  only  possible,  but 
even  probable,  that  in  the  course  of  Sunday,  June  30,  the  Earth 
passed  through  the  tail  of  the  comet  at  a  distance  of  perhaps  two- 
thirds  of  its  length  from  the  nucleus. 

The  head  of  the  comet  was  in  the  ecliptic  at  6  p.m.  on  June  aS,  at 
a  distance  from  the  Earth's  orbit  of  13,600,000  miles  on  the  inside, 
its  longitude,  as  seen  from  the  Sun,  being  279°  i'.  The  Earth  at 
that  moment  was  %°  4  behind  that  point,  but  would  arrive  there 
soon  after  10  p.m.  on  Sunday,  June  30.  The  tail  of  a  comet  is 
seldom  an  exact  prolongation  of  the  radius  vector,  or  line  joining 
the  nucleus  with  the  Sun ;  towards  the  extremity  it  is  almost  in- 
variably curved ;  or,  in  other  words,  the  matter  composing  it  lags 
behind  what  would  be  its  situation  if  it  travelled  with  the  same 
velocity  as  the  nucleus.  Judging  from  the  amount  of  curvature 
on  the  30***,  and  the  direction  of  the  comet's  motion  as  indicated  by 
the  orbit  which  he  had  already  published,  Mr.  Hind  thought  that 
the  Earth  very  probably  encountered  the  tail  in  the  early  part  of 
that  day,  or,  at  any  rate,  that  it  was  certainly  in  a  region  which  had 
been  swept  over  by  the  cometary  matter  a  short  time  previously. 

u  a 
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In  connexion  with  this  subject^  he  adds  that  on  Sunday  evenings, 
while  the  comet  was  so  conspicuous  in  the  northern  heavens,  there 
was  a  peculiar  phosphorescence  or  illumination  of  the  sky,  which 
he  attributed  at  the  time  to  an  auroral  glare ;  it  was  remarked  by 
other  persons  as  something  unusual^  and^  considering  how  near  we 
must  have  been  on  that  evening  to  the  tail  of  the  comet,  it  may 
perhaps  be  a  point  worthy  of  investigation  whether  such  an  efifect 
can  be  attributed  to  this  proximity.  If  a  similar  illumination  of 
the  heavens  had  been  remarked  generally  on  the  Earth's  surfiuse 
it  would  be  a  significant  fact. 

Mr.  Lowe,  of  High  field  House,  confirmed  Mr.  Hind's  state- 
ment of  the  peculiar  appearance  of  the  heavens  on  June  30. 
The  sky,  he  says,  had  a  yellow  auroral  glare-like  look,  and  the 
Sun,  though  shining,  gave  but  feeble  light.  The  comet  was 
plainly  visible  at  a  quarter  to  8  o'clock  (during  sunshine),  while 
on  subsequent  evenings  it  was  not  seen  till  an  hour  later.  In 
confirmation  of  this,  he  adds  that  in  the  parish  church  the  vicar 
had  the  pulpit  candles  lighted  at  7  o'clock,  which  proves  that  a 
sensation  of  darkness  was  felt  even  while  the  Sun  was  shining^. 
Though  he  was  not  aware  that  the  comet's  tail  was  surrounding 
our  globe,  yet  he  was  so  struck  by  the  singularity  of  the  appear- 
ance, that  he  recorded  in  his  day-book  the  following  remark : — 
"  A  singular  yellow  phosphorescent  glare,  very  like  diffused  Aurora 
Borealis,  yet,  being  daylight,  such  Aurora  would  scarcely  be 
noticeable."  The  comet  itself,  he  states,  had  a  much  more  hazy 
appearance  than  at  any  time  after  that  evening. 

Mr.  Warren  De  La  Rue  attempted  to  photog^ph  the  comets 
After  3  minutes'  exposure  in  the  focus  of  his  13-inch  reflector 
the  comet  had  left  no  im])ression  upon  a  sensitized  collodion 
plate,  although  a  neighbouring  star,  ir  VrosB  Majoris— close  to 
which  the  comet  passed  on  the  night  of  the  2"**  (Tuesday) — 
left  its  impression  twice  over,  from  a  slight  disturbance  of  the 
instrument. 

Mr.  De  La  Rue  also,  at  that  time,  fastened  a  portrait  camera 
upon  the  tube  of  his  telescope,  and,  with  the  clock  motion  in 
action,  exposed  a  collodion  plate  for  15  minutes  to  the  open  view 
of  the  comet  without  any  other  effect  than  the  general  blackening 
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of  the    surface   by   the   skylight,    together   with    in^pressions   of 
several  fixed  stars  in  the  neighbourhood. 

Of  the  polarization  of  the  light  of  the  comet,  Mi  Secchi  says : — 

**  The  most  interesting  fact  I  observed  is  this :  the  polarization  of  the  light  of  the 
comet's  tail  and  of  the  rays  near  the  nacleus,  was  very  strong,  and  one  could  evt;n 
distinguish  it  with  the  band  polariscope ;  but  the  nucleus  presented  no  trace  of 
polarization,  not  even  with  Arago's  polariscope  with  double  coloured  image.  On  the 
contrary,  on  the  evenings  of  July  3,  and  following  days,  the  nucleus  presented 
decided  indications,  in  spite  of  its  extreme  smallness,  which,  on  the  evening  of  July  7 , 
was  found  to  be  hardly  i'\ 

**  I  think  this  a  fiict  of  great  importance,  for  it  seems  that  the  nucleus  on  the 
former  days  shone  by  its  own  light,  perhaps  by  reason  of  the  incandescence  to  which 
it  had  been  brought  by  its  close  proximity  to  the  Sun. 

**  During  the  following  days  the  tail  has  been  constantly  diminishing,  but  it  is 
remarkable  that  it  has  always  passed  near  to  a  Herculis,  and  that  it  reached  to  the 
Milky  Way  up  to  July  6.  It  would  seem  that  the  two  tails  were  nearly  independent, 
and  that  on  July  5  the  length  and  straightness  had  gone  off  from  the  large  one,  and 
that  this  bent  itself  to  the  southern  side.  Last  night  (July  7)  the  long  train  was 
hardly  perceptible.    The  light  was  polarized  in  the  plane  of  the  tail." 

Observations  on  the  polarization  of  the  ^  light  of  the  comet  were 
also  made  by  M.  Poey,  at  Passy.  This  gentleman  observed  the  po- 
larization in  Donati's  comet  at  Havannah  in  1 858^  in  which  case  the 
light  was  polarized  in  a  plane  passing  through  the  Sun,  the  comet, 
and  the  observer ;  but,  in  the  present  comet, "  the  plane  of  polariza- 
tion seemed  to  pass  sensibly  perpendicular  to  the  axis  of  the  tail,^' 
which,  he  thinks,  may  have  been  owing  to  atmospheric  refraction. 

The  Comet  of  i860  (iii).  In  the  latter  end  of  June  i860  a 
comet  of  considerable  brilliancy  suddenly  made  its  appearance  in 
the  northern  circumpolar  regions.  Bad  weather  prevented  it  from 
being  generally  observed  in  England,  but  in  the  south  of  Europe 
it  was  well  seen;  copies  of  some  drawings  made  at  Rome  are 
annexed. 

The  Comet  of  1858  (vi).  On  June  2  in  that  year.  Dr.  G.  B. 
Donati,  at  Florence,  descried  a  faint  nebulosity  slowly  advancing 
towards  the  north,  and  near  the  star  A  Leonis.  Owing  to  its 
immense  distance  from  the  Earth  (240,000,000  miles),  great 
difficulty  was  experienced  in  laying  down  its  orbit.  By  the 
middle  of  August,  however,  its  future  course  and  the  great  increase 
in  its  brightness  which  would  take  place  in  September  and  October 
was   clearly   foreseen.     Up  to  this   time    (middle  of  August)   it 
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hwl  remained  a  faint  object,  not  discemible  by  the  unaided  eye. 
It  was  distinguished  from  ordinary  telescopic  comets  only  by  tbe 
extreme  slowness  of  its  motion  (in  singular  contrast  to  its  sub- 
sequent career),  and  by  the  vivid  light  of  its  nucleus :  "  the  latter 
peculiarity  was  of  itself  prophetic  of  a  sjileudid  destiny."  Traces 
of  a  tail  were  noticed  on  Aug.  30,  and  on  Aug.  29  the  comet  was 
faintly  perceptible  to  tbe  naked  eye ;  for  a  few  weeks  it  occupied  a 
northern  position  in  the  heavens,  and  it  was  therefore  seen  both  in 
the  morning  and  evening.  On  Sept.  6  a  slight  curvature  of  the 
tail  was  noticed,  whicli  subsequently  became  one  of  its  most 
interesting  features.  On  Sept.  17  the  head  equalled  in  brightness 
a  star  of  the  3°''  magnitude,  the  length  of  the  tail  being  4°.  The 
comet  passed  through  perihelion  on  Sept.  19,  and  was  at  its  least 
distance  from  the  Earth  on  Oct.  10.  Its  rapid  passage  to  tbe 
southern  hemisphere  rendered  it  invisible  in  Europe  after  the  end 
rig.  ,ofi.  of  October,    but 

,s  followed  at 
o  de  Chili 
and  the  Cape 
I  of  Good  Hope 
I  Observatories  for 
3  months  af- 
I  terwards,and  was 
t  seen  by  Sir 
I  T.  Macloar  at  the 
I  latter  place  on 
March  4,  1859. 
■'  Its  early  dis- 
I  covcryenabledaa- 
I  tronomers,  while 
I  it  was  yet  scarce- 
I  lydistingui>jhahle 
in  tbe  telescope, 
to  predict,  some 
months  in  advance,  the  more  prominent  particul.irs  of  its  approach- 
ing apparition,  which  was  thus  observed  with  nil  the  advantage  of 
previous   preparation  and   anticijiation.      The  perihelion   passage 
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occurred  at  the  most  favourable  moment  for  presenting  the  comet 
to  good  advantage.  When  nearest  the  Earthy  the  direction  of  the 
tail  was  nearly  perpendicular  to  the  line  of  vision,  so  that  its 
proportions  were  seen  without  foreshortening.  Its  situation  in 
the  latter  part  of  its  course  afforded  also  a  fair  sight  of  the 
curvature  of  the  train,  which  seems  to  have  been  exhibited  with 
unusual  distinctness,  contributing  greatly  to  the  impressive  effect 
of  a  full-length  view/' 

This  comet,  though  surpassed  by  many  others  in  size,  has  not 
often  been  equalled  in  the  intense  brilliancy  of  the  nucleus,  which 
the  absence  of  the  Moon,  in  the  early  part  of  October,  permitted  to 
be  seen  to  the  very  best  advantage.  There  is  no  doubt  but  that  the 
comet  of  Donati  revolves  in  an  elliptic  orbit  with  a  period  of  about 
2000  years — Stampfer,  2138^;  Lowy,  2040^;  Von  Asten,  1879^. 

The  following  is  a  table  of  the  dimensions  of  the  comet's  nucleus 
and  tail,  at  the  undermentioned  dates  ^ : — 


Date. 

Diameter  of  Nucleus. 

Length  of  Tafl. 

18^8. 
Julv   10          

//              Mnes. 

5  =»     5600 

6  =     4660 
3     =     1980 

•  • 

3     -     laSo 

15     -      400 

3-0     =      800 

4'4     a:     iiao 
rS     =       630 

•  • 

0                  MUo. 

.  • 
a     =s     14,000,000 

4  =     16,000,000 
6     —     19,000,000 

5  «     1^,000,000 
II     =     17,000,000 
13     =1     18,000,000 
19     —     a6,ooo,ooo 
a  a     a     a6,ooo,ooo 
as     =     27,000,000 

33     ■=     33.ooo»«» 
50     «     45,000.000 

50     =     43,000,000 

60     -     51,000,000 

45     =     39,000,000 

Aucr.  ^0         

Sept.    8         

13         

,,            M.  m                   ••             ■•             ••            ••             •• 

a^        

»»          •»)               ••          ••          ••          ••          •• 

n       35            

a7        

»»     */        ••      • 

a8        

,,            mv                  •■            ••            ••            ••            ■■ 

ao          • 

Oct.      1         

,.        5          

6        

tt       ^        ••      ••     ••      ••      •• 

8         

,,                    v#                        ..                ..                ..                ..                •. 

10         

,,          ***               •*          ••          ••          ••          •• 

la        

„             M.m                   ..             ..             •.             ..            .. 

*>  G.  P.  Bond,  Math,  Month.  Mag.  fioent  memoir  on  this  comet  in  vol.  ii.  of 
Boston,  TJ.  S.,  Nov.  and  Dec.  1858.  Mr.  the  ArmaU  of  the  Harvard  College  Ob- 
Bond  subsequently  published  a  magni-      eervaiory.     Cambridge,  Mass.,  i86a. 
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Tt^  i\>iiK^  \>l'  li^^)  v^^  ^"^^^  ^^^'^  ^  ^^^  finest  that  have  appeared 
slmrii^  iV  {MK^w«t  <iNitttTy.  It  wa;s  first  seen  in  the  southern 
W^kfeif^HtNT^  tv^w;^^  tke  <«k1  v>f  Ike  month  of  February,  and  during 
tW  t^r^  l^'^r^iM^fi  m  Marc4i  it  $koifee  with  great  brilliancy.  It  was 
w.^^  xtHtblw*^  ttit  K^fe^c^Mid  utttil  aft«r  the  13^>  when  its  splendour  was 
n^^^  ^J^UMtuM^bwd ;  Uiti  thu^  !»ftddeftaess  with  which  it  made  its 
•I^^M'iMiK.v  ^iftikW  iiM(  a  ttHk  to  the  interest  it  excited.  The 
ItyttK'ttU  liHi^h  of  tW  lail  ^hstring  March  was  about  40%  and  its 
b«v^h  alKHitd  i^.  TW  ctfhtt  of  this  comet  is  remarkable  for  its 
mjmaU  (H^rihcl]K>tt  «&itanee>  which  did  not  exceed,  according  to  the 
iMo«(  ivtiahW  calculations^  538,cxx>  miles ;  and  the  immense  velocity 
of  iho  comet  in  its  orbit,  when  near  the  perihelion,  occasioned 
ttoitto  oxtraordinazy  peculiarities.  Thus  between  Feb.  27  and  28  it 
UcMcribcd  upon  its  orbit  an  arc  of  292"".  Supposing  it  to  revolve 
i)*  au  eUipse,  this  would  leave  only  68''  to  be  described  during  the 
tivao  which  elapses  before  its  next  return  to  perihelion. 

It  has  been  thought  by  some  that  this  comet  was  identical  with 
those  of  1668  and  1689,  but  so  little  is  known /or  certain  al)out 
these  latter  that  we  are  not  yet  in  a  position  to  admit  or  deny 
the  identity  of  the  3  bodies.  In  the  work  referred  to  in  the 
note  the  question  is  discussed  with  g^eat  ability  ^. 

The  Comet  of  181 1  (i)  is  one  of  the  most  celebrated  of  modern 
times.  It  was  discovered  by  M.  Flaugergues,  at  Viviers,  on 
March  26,  181 1,  and  was  last  seen  by  Wisniewski  at  Neu- 
Tscherkask,  on  Aug.  17,  181 2.  In  the  autumnal  months  of 
181 1  it  shone  very  conspicuously,  and  its  great  northern  declina- 
tion caused  it  to  remain  visible  throughout  the  night  for  many 
weeks.  The  extreme  length  of  the  tail  at  the  beginning  of 
October  was  about  25^,  and  its  breadth  about  6"".  Sir  W.  Herschel 
paid  particular  attention  to  this  comet,  and  the  observations  which 
he  made  are  very  valuable.  He  states  that  it  had  a  well-defined 
nucleus,  the  diameter  of  which  he  found  by  careful  measurement 
to  be  428  miles ;  further,  that  the  nucleus  was  of  a  ruddy  hue, 
though  the  surrounding  nebulosity  had  a  bluish-g^een  tinge '^. 
This  comet  undoubtedly  is  a  periodical  one.    Argelander,  whose 

c  E.  J.  Cooper,  Cometie  OrfnU^  pp.  159-169. 
<*  Phil,  Tiun$,y  vol.  ciL  pp.  Ii8,  119,  lai. 
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Remarkable  Comets. 


iDvestigation  of  the  orLit  is  the  most   complete  that  has  heen 
carried  out,  afisigna  to  it  a  period  of  3065  years,  subject  to  an 


oncertainty  of  only  43  years".     The  aphelion  distance  is  14  times 
that  of  Neptune,  or,  more  exactly,  40,121,000,000  miles  I 


•  Strlin.  Alt.  JahrbiiA,  18)5,  p.  150. 
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CHAPTER    IV. 


COMETARY   STATISTICS. 


DimengUms  of  the  Nuclei  of  ComeU, — Of  the  Conue, — ComeU  wtUraet  and  expand 
on  approaching  to.  and  receding  fromt  the  Sun. — Exemplified  fty  EnMt  in  1838. — 
Lengths  qf  the  TaHe  cf  Comets, — Dimensions  of  Cometary  orbits, — Periods  of 
Comets. — Number  of  Comets  recorded. — Duration  of  visibility  qf  Comets. 

A  LTHOUGH  I  have  hitherto  refrained  as  much  as  possible 
•^^  from  embarrassing  the  reader  with  any  tedious  display  of 
figures^  yet  I  must  now  say  something  about  the  real  dimensions 
of  comets^  and  the  orbits  they  describe :  also  about  their  number^ 
and  duration  of  visibility. 

The  following  are  the  real  diameters  in  English  miles  of  the 
nuclei  of  some  of  the  comets  which  have  been  satisfactorily 
measured  within  the  last  hundred  years : — 


Ejcamptei  of  a  Large  Nuelsui. 

The  Comet  of  1845  (iii)  . 
Donati's  Comet,  1858 

The  Comet  of  1815  ..  . 

The  Comet  of  1825  (iv)  . 


MOM. 
8000 

5600 

5300 

5100 


Bxan^pla  cfa  Small  Nucleus. 


MUes. 
28 


The  Comet  of  1798  ^)       ..      . . 

The  Comet  of  1806 30 

The  Comet  of  1798  (ii)      ..      ..125 
The  Comet  of  181 1  (i)       . .      . .   428 


The  dimensions  of  the  coma,  or  heads^  of  comets  also  vary  much, 
thus : — 


Examplet  of  a  Larye  Coma. 

MOet. 
The  Comet  of  18x1  (i)     . .    1,125,000 

Halley's  Comet,  1835       ..      357,000 

Encke's  Comet,  1828       ..       312,000 


Example*  of  a  8mtM  Coma. 

TheCometof  1847  (v) 
The  Comet  of  1847  (i)  . . 
The  Comet  of  1849  (")  *  * 


MUes. 
18,000 

35,500 

5<,ooo 


It  should  be  remarked  that  the  real  dimensions  of  comets  are 
found  to  vary  greatly  at  different  periods  of  the  same  apparition. 
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for  there  is  no  doubt  that  many  of  these  bodies  contract  as  they 
approach  the  Sun^  and  expand  again  as  they  recede  from  it — a 
&ct  first  noticed  by  Kepler. 

The  following  measurements  of  Encke's  comet  in  1838^  when 
approaching  the  Sun,  will  illustrate  this : — 


Date. 


1838. 

Oct.    9  

„  n  

Nov.  6  

»    13  

I,    i^  

„    10  .....      .. 

n     33  

,y     H  

Dec  IS  

»,    14  

w    16  

„    17  


Diameter. 

Distance 
finum  0 

MOei. 

a8i,ooo 

1-43 

iao,5oo 

1*19 

79,000 

1*00 

74,000 

0-88 

63,000 

0-83 

55*500 

076 

38,500 

071 

30.000 

0*69 

6,600 

039 

5.400 

0-36 

4.350 

0'36 

3,000 

034 

The  tails  of  comets,  more  especially  of  those  visible  to  the 
naked  eye,  are  often  of  stupendous  length,  as  the  following  table 
will  shew : — 


Greatest  Length. 

Milet. 

TheCcMnet  of  1744 

..       H°     = 

19,000,000 

The  Comet  of  i860  (iu)    .. 

..       15       = 

aa,ooo,ooo 

The  Comet  of  1861  (ii)     .. 

..      105       = 

24,000,000 

The  Comet  of  1 769 

•       97      = 

40,000,000 

The  Comet  of  1858  (vi)     .. 

..       50      = 

42,000,000 

The  Great  Comet  of  1618 

..      104      - 

50,000,000 

The  Comet  of  1680 

..       60      = 

100,000,000 

The  Comet  of  181 1  (i) 

..       25      - 

100,000,000 

The  Comet  of  1811  (ii)     .. 

-. 

130,000,000 

The  Comet  of  1843  (i)      . . 

..          ..       65      - 

aoo,ooo,ooo 

Cometary  orbits  are  usually  of 

immense  extent. 

Thus:— 

1,  As  to  Perihelion  Distance. 

Qreatut  Known.                         MUes. 

Least  Knoten. 

MOm. 

The  Comet  of  1739        ..    383,800,000 

The  Comet  of  1843  (i)         . .   538,000 
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2.  As  to  Aphelion  Dufance. 


Oreatett  Knaten.  Miles. 

The  Comet  of  1 844  (ii)  406, 1 30,000,000 


Least  Known. 
The  Ck>met  of  Encke 


MUm. 
388,550,000 


We  have  already  seen  that  the  period  of  the  shortest  comet  yet 
known  is  but  little  more  than  3  years  :  this  is  in  striking  contrast 
to  the  periods  exhibited  in  the  following  table : — 


The  Comet  of  1744 
The  Comet  of  1844  (ii) 
The  Comet  of  1780(1) 
The  Comet  of  16S0 
The  Comet  of,  1847  (iii) 
The  Comet  of  1840  (ii) 


•  •  •  •  •  • 

•  •  •  •  •  • 

•  •  •  •  •  • 

•  •  •  •  •  • 

•  •  •  •  •  • 

•  •  •  •  •  • 


Tears. 
112,683 

102,050 

75.314 
15.864 
13.918 

13.864 


TABLE  OF  NUMBER  OF  COBiETS  BECORDED. 


Period. 


Before  a.  D. 
Century  o — 100 


10 
20 

30 
40 

50 
60 

70 
80 

90 
100 

no 

120 

130 
140 

150 
160 
170 
180 


— aoo 

—300   . .  . . 

— 400 

—500   ..   .. 

— 600 

— 700 

—800   . .  . . 

— 900 

— 1000 

— I 100  .. 

— 1200  ..  .. 

—1300  ..  .. 

— 1400 

—  1500  ..  .. 
— 1600  . . 

— 1700  .. 

—  1800  .. 
—1866  (October) 


Ck)met8 
Obtenred. 


71 

31 

24 
40 

«5 
>9 

35 

15 

4» 

a8 

37 

37 
a8 

34 

40 

39 

31 

71 
164 

805 


Orbits 
Oalcolated. 


4 
1 

a 

3 
o 

I 

4 
o 

a 

I 

a 

4 
o 

3 

7 
10 

13 
ao 

64 
155 

396 


Comets 
Identified. 


I 
I 
1 

2 
I 
I 
I 
a 
I 
o 

3 

a 

I 

3 

3 
I 

4 

5 
8 

40 
81 
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From  the  earliest  period  up  to  the  present  time^  the  number 
of  comets  of  which  there  is  any  trustworthy  record  is  about  800 ; 
but  as  it  is  only  within  the  last  100  years  that  optical  assistance 
has  been  made  available  in  searching  for  them^  the  real  number  of 
those  that  have  appeared  is  probably  not  less  than  4000  or  5000, 
especially  when  we  consider  that  many  doubtless  have  only  been 
visible  in  the  southern  hemisphere. 

Comets  remain  visible  for  periods  varying  from  a  few  days  to 
more  than  a  year^  but  the  most  usual  time  is  2  or  3  months. 
Much  depends  on  the  apparent  position  of  the  comet  with  respect 
to  the  Earthy  and  much  on  its  own  intrinsic  lustre.  There  are 
some  few  comets  which  have  only  been  seen  on  one  occasion, 
unfavourable  weather  preventing  further  observations :  such  was 
the  case  with  one  seen  in  Aug.  1856,  by  Mr.  E.  J.  Lowe,  of  High- 
field  House.  Among  the  comets  which  have  remained  longest  in 
sight,  are  the  following  : — 


Months. 

The  Comet  of  181 1  (i) 

•  •                    •  •                    •  • 

..      17 

The  Comet  of  1825  (iv)  . . 

•  •                    •  •                     •  • 

..      12 

The  Comet  of  1861  (ii)    . . 

•  •                    •  •                    •  • 

13 

The  Comet  of  1835  (»i).  (Ha 

'ley's)        .. 

..         ..       9i 

The  Comet  of  1847  (iv)   .. 

•  •                    •   •                    •  • 

•.          ..       9i 

The  Comet  of  1858  (vi)   . . 

•  •                    •  • 

9 

The  Comet  of  1844  (ii)    •• 

•  •                    #  •                    ■  • 

8 

The  Comet  of  X847  (ii)    . . 

•  •                    •   •                    •  9 

8 
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HISTORICAL   NOTICEa 


Op¥nicm»  of  tilt  AncierUs  on  the  lurfure  qf  Comets. — SuperttUiom  noiiona  associated 
with  them. — Extracts  from  ancient  Chronicles. — Pope  Calixtus  III  and  the  Comet 
qf  14^6. — Extracts  from  the  writings  of  English  authors  of  the  i6th  and  17/A 
centuries. — Napoleon  and  the  Comet  of  1769. — Supposed  allusions  in  the  Bible 
to  Comets. — Cowiueion. 


TN  this  chapter  I  shall  make  a  few  brief  historical  remarks, 
-*■  relating  to  cometary  astronomy. 

Going  back  to  the  early  ages  of  the  world,  we  find  that  the 
Chaldseans  considered  comets  to  be  permanent  bodies  analogous  to 
playacts,  but  revolving  round  the  Sun  in  orbits  so  much  more 
extensive,  that  they  were  therefore  only  visible  when  near  the 
Earth.  This  opinion,  which,  by  the  by,  is  the  earliest  hint 
we  have  of  there  being  periodical  comets,  was  also  held  by  the 
Pythagorean  school  of  philosophers.  Yet  Aristotle,  who  records 
this,  insists  that  comets  are  merely  mundane  exhalations,  carried 
up  into  the  atmosphere,  and  there  ignited. 

Anaxagoras,  ApoUonius,  Democritus,  and  Zeno  considered  that 
these  bodies  were  formed  by  the  clustering  of  many  small 
planets. 

It  is  a  somewhat  remarkable  fact,  that  Ptolemy,  so  celebrated 
for  his  varied  astronomical  attainments,  should  nowhere  have  made 
any  mention  of  comets ;  his  omission  is,  however,  atoned  for  by 
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Fliny^  who  seems  to  have  paid  much  attention  to  them.  He 
enumerates  12  kinds^  each  class  deriving  its  name  &om  some 
physical  peculiarity  of  the  objects  belonging  to  it. 

Seneca  considered  that  comets  must  be  above  [beyond]  the 
Moon^  and  judged  from  their  rising  and  settings  that  they  had 
something  in  common  with  the  stars. 

Paracelsus  gravely  insisted  that  comets  were  celestial  messengers^ 
sent  to  foretell  good  or  bad  events — an  idea  which,  even  in  the 
present  day,  has  not  altogether  died  out.  The  ancient  Romans 
did  not  trouble  themselves  much  about  astral  phenomena;  they 
nevertheless  looked  upon  the  comet  of  43  B.C.  as  a  celestial 
chariot  carrying  away  the  soul  of  Julius  Csesar,  who  had  been 
assassinated  shortly  before  it  made  its  appearance. 

In  an  ancient  Norman  Chronicle  there  occurs  a  curious  exposition 
of  the  divine  right  of  William  I  to  invade  England : — "  How  a 
star  with  3  long  tails  appeared  in  the  sky ;  how  the  learned  de- 
clared that  stars  only  appeared  when  a  kingdom  wanted  a  king, 
and  how  the  said  star  was  called  a  comette.''  Another  old 
chronicler,  speaking  of  the  year  1065,  says: — ''Soon  after  [the 
death  of  Henry,  king  of  France,  by  poison],  a  comet — ^a  star,  de- 
noting, as  they  say,  change  in  kingdoms — appeared,  trailing  its 
extended  and  fieiy  train  along  the  sky.  Wherefore,  a  certain  monk 
of  our  monastery,  by  name  Elmer,  bowing  down  with  terror  at 
the  sight  of  the  brilliant  star,  wisely  exclaimed,  '  Thou  art  come ! 
a  matter  of  lamentation  to  many  a  mother  art  thou  come.  I  have 
seen  thee  long  since ;  but  I  now  behold  thee  much  more  terrible, 
threatening  to  hurl  destruction  on  this  country  *.^  '^ 

The  superstitious  dread  in  which  comets  were  held  during  the 
Middle  Ag^s  is  well  exemplified  in  the  case  of  the  comet  of  1456 
(Halley's).  We  find  that  the  then  Pope,  Calixtus  III,  ordered 
the  church  bells  to  be  rung  daily  at  noon,  and  extra  Ave 
Marias  to  be  repeated  by  everybody.  By  the  way,  whilst  the 
comet  was  still  visible,  Hunniades,  the  Papal  general,  gained 
an  advantage  over  Mahomet,  and  compelled  him  to  raise  the 
siege  of   Belgrade,  the   remembrance  of  which    the   Pope  pre- 

*  Will.  Malmes.,  Higt,  Nov.^  iii.  cap.  13. 
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served  hj  ordering  the  Festival  of  the  Transfiguration  to  be 
scrupulously  observed  throughout  the  Christian  world.  ^'  Thus  was 
established  the  custom  which  still  exists  in  Romish  countries^  of 
ringing  the  bells  at  noon;  and  perhaps  it  is  from  this  circum- 
stance that  the  well-known  cakes  made  of  sliced  nuts  and  honey^ 
sold  at  the  church-doors  in  Italy  on  Saints'  days^  are  called 
eomete^J' 

Leonard  Digges  says  that  ^'  cometes  signifie  corruptions  of  the 
ayre.  They  are  signs  of  earthquakes^  of  warres^  of  changying 
kyngdomes^  great  dearthe  of  corne^  yea  a  common  death  of  man 
and  beast """ 

One  John  Gkidbury  says  that  '^Experience  is  an  eminent  evi- 
dence^ that  a  comet  like  a  sword^  portendeth  war;  and  an  hairy 
comet^  or  a  comet  with  a  beard^  denoteth  the  death  of  kings/' 
He  also  gives  us  a  chronological  register  of  cometary  announce- 
ments for  upwards  of  600  years^  and  adds  in  large  Roman 
capitals^  '^  as  if  God  and  nature  intended  by  comets  to  ring 
the  knells  of  princes^  esteeming  bells  in  churches  upon  Earth 
not  sacred  enough    for   such    illustrious  and  eminent   perform- 


ances.'' 


A  great  English  poet  says : — 

"Satan  Rtood 
Unierrified,  and  like  a  oomet  burned, 
That  fires  the  length  of  Ophiuchus  huge 
In  th'  Arctic  sky,  and  from  its  horrid  hair 
Shakes  pestilence  and  war  d." 

The  last  comet  employed  in  an  astrological  character  was  that 
of  1769,  which  Napoleon  I  looked  upon  as  his  protecting  genie. 
Indeed^  as  late  as  1808  Messier  published  a  work  on  it^  of  which 
the  title  is  given  below  ®. 

It  would  be  quite  impossible  for  me  to  allude  to  a  tithe  of 
the  cometary  theories  which  have  been  advanced  since  the 
introduction  of  telescopic  observation.      Some  of  the  more  im- 

^  Smyth,  Cyde^  voL  i.  p.  131.   A  friend  <>  ProffnottiaUiofU  for  1556. 

suggests   a    derivation  which  certainly  ^  Milton,  Paradise  Lost. 

appears  much  more   rational ;   namely,  *  La  Grande  Comite  qui  a  paru  d  la 

comedo,  to  eat.  Naitsance  de  Napolion  le  Grand, 
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portant  will  be  found  in  Oranf  s  History,  to  which  the  reader  is 
referred. 

Daring  the  visibility  of  the  great  comet  of  1858,  in  the  autumn 
of  that  year^  the  question  was  mooted  whether  the  Bible  contained 
any  reference  to  these  objects :  the  following  passages  were  adduced 
in  support  of  the  idea : — 

1.  In  Leviticus  xvii.  7  it  is  said^  '^They  shall  no  more  offer 
their  sacrifices  unto  Seirim/'  or  Shoirim^  which  is  rendered  in  the 
authorised  version  "  devils/'  and  in  other  versions  "  goats.'*  "We 
are  informed  by  Maimonides  that  the  Zabian  astrologers  wor- 
shipped these  seirim,  which  seems  to  confirm  the  idea  of  their  being 
astral  bodies. 

2.  In  Isaiah  xiv.  12  we  find^  **  How  art  thou  fallen  from  heaven^ 
O  Lucifer^  son  of  the  morning!  how  art  thou  cut  down  to  the 
ground^  which  didst  weaken  the  nations  I  For  thou  hast  said  in 
thy  hearty  I  will  ascend  into  heaven^  I  will  exalt  my  throne  above 
the  stars  of  Gt)d.''  In  this  passage  a  certain  Hillel  is  said  to  have 
fallen  from  heaven;  but  it  is  quite  unknown  who  or  what  this 
Hillel  was.  Some  interpreters  derive  the  word  from  Hebrew  verbs 
signifying  to  glory,  boast,  agitate,  howl,  &c.  Hillel  may  therefore 
signify  a  comet,  for  it  answers  to  the  ideas  of  brightness,  swift 
motion,  and  calamity.  Comets  may  be  said,  in  a  peculiar  sense, 
to  fall  from  heaven  on  account  of  the  great  rapidity  of  their 
motions;  they  may  be  called  "sons  of  the  morning''  on  ac- 
count of  their  great  brightness;  they  may  be  said,  to  some 
extent  anyhow,  to  weaken  nations,  because  of  the  terror  they 
inspire;  they  also  ascend  and  traverse  the  heavens  with  great 
rapidity,  and  moreover,  often  by  their  lustre,  overpower  the 
"  stars  of  God." 

3.  In  the  General  Epistle  of  S,  Jude,  verse  13,  certain  impious 
impostors  are  compared  to  "  wandering  stars,  to  whom  is  reserved 
the  blackness  of  darkness  for  an  seon  [age] ."  In  all  probability  the 
passage  may  be  taken  to  refer  to  comets '. 

4.  The  last  quotation  which  I  make  is  from  the  Revelation  of 
8.  John  the  Divine,  xii.  3 : — ''  There  appeared  another  wonder  in 

'  See  Alford's  New  Test,  for  English  RecLders.     In  loco. 
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heaven ;  and  behold  a  great  red  dragon^  ....  and  his  tail 
drew  the  third  part  of  the  stars  of  heaven.''  Satan  is  here  likened 
to  a  comet,  because  a  comet  resembles  a  dragon  (or  serpent)  in 
form,  and  its  tail  frequently  does  compass  or  take  hold  of  the 
stars. 

These  ideas  are  given  for  what  they  are  worth,  which  is  probably 
not  much. 
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CHAPTER    VI. 


A  CATALOGUE  OF  ALL  THE  COMETS  WHOSE  ORBITS  HAVE 

HITHERTO  BEEN  COMPUTED. 


4  NEW  comet  having  been  discovered^  the  first  thing  that  an 
-^^  astronomer  does  is  to  obtain  3  observations  of  it,  whereby 
he  may  compute  the  elements  of  the  orbit.  He  then  examines  a 
catalogue  of  comets  to  see  if  he  can  identify  the  newly-found 
stranger  with  any  that  have  been  before  observed.  The  value  of 
a  complete  catalogue  is  therefore  obvious ;  and  as  nothing  of  the 
kind  has,  as  far  as  'I  am  aware,  been  published  for  some  years, 
I  have  been  led  to  compile  a  new  one. 

In  the  preparation  of  the  following  list,  care  has  been  taken 
that  only  the  most  reliable  orbits  that  were  to  be  obtained  should 
be  inserted,  the  general  rule  being  to  prefer  the  one  which  was 
derived  from  the  longest  arc,  other  things  being  satisfactory. 
Among  the  authorities  consulted  may  be  mentioned  PingrS, 
Hn%8eyy  Olbers,  Cooper,  Hind,  Arago,  Galle,  and  others. 

From  the  publications  of  the  Royal  Astronomical  Society  of 
London,  and  from  the  Astronomische  Nachrichten,  much  valuable 
information  has  also  been  obtained. 

The  Epoch  of  perihelion  passage  is  expressed  in  Greenwich  mean 
time,  N.8.,  since  158a. 

The  periods  assigned  in  the  column  of  "  Duration  of  Visibility  " 
are  subject  to  much  uncertainty,  more  especially  in  the  case  of  the 
ancient  comets. 
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No. 

No. 

Y«,- 

PP. 

' 

a 

' 

! 

d. 

b. 

I 

370B.C. 

Winter 

IJO— JIO 

370-330 

»bove30 

veiymi. 

I 

136 

April      .9 

"30 

110 

30 

I  01 

3 

68 

July 

300—330 

150—180 

.     7° 

080 

4 

'■ 

Oot.         8 

■9 

iSo 

18 

10  + 

0-S8 

(+) 

66  AD. 

JOD.           14 

4 

31s    0 

jj  40 

40   30 

f44S 

<4) 

MI 

March    ig 

> 

"S'  55 

II 50 

17      0 

0-710 

i 

,78 

Sept- beg. 

190 

190 

iB 

05 

U) 

lis 

April       fi 

6 

J40 

Nov.        9 

»3 

371    0 

■89  0 

44    0 

0373 

lo 

(4) 

»95 

April        i± 

xt 

(4) 

45' 

July        3 

„ 

.... 

la 

7 

539 

Oet.        JO 

«4 

313  30 

58  «  jjS 

10 

*34l 

13 

8 

sSsii- 

July       I. 

18 

84 

1S84S 

6030 

0775 

»4 

9 

S68ii. 

Ang.      99 

7 

318  js 

»94  15 

4    8 

0907 

ij 

i« 

574 

April       7 

' 

>43  39 

118  17 

4631 

0-963 

16 

<4) 

7fo 

Jnn«       II 

17 

II 

770 

June        6 

14 

3.^7    7 

90  59 

61  49 

0-64J 

iB 

i« 

837  i- 

Feb.        18 

J3 

'89    3 

>o6-33 

10  — :3 

0-S80 

«9 

13 

961 

Dee.       30 

J 

168    3 

350  3S 

79  33 

o-5.S» 

» 

<4> 

989  ii. 

Sept.      .. 

"3 

»64 

84 

n 

os68 

11 

14^ 

1006 

M»rcb    la 

3'H 

38 

17  30 

0-583 

ii 

'(4/ 

1066 

April        I 

0 

>64S5 

»s  50 

17    0 

0-710 

»J 

IS 

lOQl 

Feb.       15 

0 

.56  » 

"5  40 

18  55 

0918 

3* 

16 

1097 

Sept.      11 

II 

331  30 

107  30 

7.1  30 

0-7J8 

as 

'? 

1331 

J™.       30 

7 

'3448 

13  30 

6     S 

o-94« 

I.  It  is  wid  to  Iwva  MpMsted  into  two  parta. 

3.  It  bad  a  short  bnt  brilliuit  tail. 

4.  Ad  apparition  of  HaUrtft  Mmel  (!)>  mentioned  by  Dion  Caauni  a 
■n^ieoded  mm  Borne  preriauB  to  the  death  of  Agrippn. 

g.  An  apparition  of  HaUts'i  eonut  (?).     It  had  a  tail  8°  long. 

6.  An  apparition  of  ifoUey'f  coNMt. 

9.  Element!  Kmewhat  doubtf  al.     It  bad  a  tail  30°  long. 

I I .  Undoubtedly  an  apparition  of  Halkf't  eotHd. 
It.  It  had  a  tail  10  feet  long  1 1 

13.  A  mean  orbit.      It  had  a  Uil  10*  1oi%. 

14.  Elements  very  retiable.    On  Sept.  8  it  had  a  tul  40°  long. 

15.  Elemunta  very  uncertain. 
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c 

M 

Oalcnlator. 

Bate  of 
Disoovery. 

* 

DisoovOTOr. 

• 

Dnimtion 
of  Visibility. 

i-o 

Pingr^ 

•  •   •  • 

Greek  oba. 

0) 

I'O 

— 

Peirce 

•  •  •  • 

(/hinese  obs. 

5  weeks. 

I'O 

+ 

Peirce 

68,  July  23 

Chinese  obi. 

5  weeks. 

i*o 

— 

Hind 

1 1^  Aug.  a6 

Chinese  obs. 

9  weeks. 

I'O 

— 

Hind 

66,  Jan.  31 

Chinese  obs. 

7  weeks. 

I'O 

^ 

Hind 

141,  Mar.  27 

Chinese  obs. 

4  weeks. 

I'O 

+ 

Hind 

ro 

•  • 

Hind 

a  18,  April 

•  ■    •  • 

6  weeks. 

ro 

+ 

Burckhardt 

240^  Nov.  10 

Chinese  obs. 

6  weeks. 

•  • 

•  • 

Hind 

395 

•  •    •  • 

7  weeks. 

I'O 

•  • 

Laogier 

451.  May  17 

Chinese  obs. 

13  weeks. 

I'O 

+ 

Burckhardt 

539.  Nov.  17 

Chinese  obs. 

9  weeks. 

I'O 

— 

Borckhardt 

565,  Aug.    4 

Chinese  obs. 

15  weeks. 

I'O 

+ 

Laugier 

568.  Sept.    3 

Chinese  obs. 

10  weeks. 

I'O 

+ 

Hind 

574.  May    2 

Chinese  obs. 

13  weeks  (?). 

I'O 

•  • 

Laugier 

760,  May  16 

Chinese  obs. 

8  weeks. 

i*o 

— 

Laugier 

770,  May  26 

Chinese  obs. 

10  weeks. 

ro 

— 

Pingr^ 

837,  Mar.  22 

Chinese  obs. 

5  weeks. 

I'O 

— 

Hind 

962,  Jan.  28 

Chinese  obs. 

5  weeks. 

I'O 

— 

Burckhardt 

989,  July  28 

Chinese  obs. 

5  weeks. 

I'O 

— 

Pingr^ 

1006,  April 

European  obs. 

3  or  6  weeks. 

I'O 

— 

Hind 

1066,  April  2 

Chinese  obs- 

6  weeks  or  +  . 

I'O 

+ 

Hind 

1092,  Jan.     8 

Chinese  obs. 

17  weeks. 

I'O 

+ 

Burckhardt 

1097,  Sept.  30 

Chinese  obs. 

4  weeks. 

I'O 

+ 

Pingr^ 

1 231,  Feb.    6 

Chinese  oIm. 

4  weeks. 

16.  An  apparition  o{  HaUey's  comet, 

17.  It  had  a  tail  about  30°  long. 

18.  Tolerably  trustworthy.  'Die  maximum  length  of  the  tail  was  80°,  but  it 
dwindled  down  to  30"  in  a  fortnight. 

20.  Probably  an  apparition  of  HdUey's  comet.    Mentioned  by  several  Saxon  writers. 

21.  These  elements  appear  to  have  escaped  the  notice  of  recent  cometographers, 
though  given  by  Pingr6  ;  out  has  it  been  confounded  with  the  following  ? 

22.  Possibly  an  apparition  of  Hollers  comet.  This  is  the  famous  object  which 
created  such  universal  dread  throughout  Europe  in  1066.  In  England  it  was  looked 
upon  as  a  presage  of  the  success  of  the  Norman  invasion. 

23.  Elements  satisBsictory. 

24.  A  tail  50**  long  was  seen  in  China,  and  much  bifurcated. 
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Ko. 

So. 

Tmt. 

PP. 

- 

a 

' 

! 

a6 

le 

.164 

Joly 

d.     b, 
tS  *3 

a7a  30 

'76  30 

JO  >5 

0-430 

»7 

'9 

"99 

Hardi 

31    7 

3  10 

107    8 

«8S7 

0-3.8 

■>S 

(4) 

1301  i. 

Oct 

»i    !13 

31J 

138 

13 

0-640 

39 

10 

'337  i- 

June 

15     « 

t  «o 

93     1 

40  j8 

0-818 

3« 

u 

.35. 

Not. 

»S  S3 

69 

1-0 

3> 

12 

.36J  f. 

Mwch 

II     4 

119 

»49 

ii 

0-456 

31 

n 

1366 

Oot. 

'3 

66 

111 

6 

0958 

U 

(4) 

1378 

No». 

S  iS 

»99  J' 

47  '7 

17  S6 

0583 

34 

^4 

'38s 

Oct. 

16    6 

101  47 

>63  31 

."  15 

0-774 

3S 

^S 

•433 

Not. 

S    4 

i«»     I 

110    9 

77  "4 

0-3.9 

3« 

36 

'449 

Dec. 

9 

60 

'43 

75  30 

015 

37 

U) 

■4S6 

Jana 

8    31 

301 

4830 

•756 

0-SS6 

3S 

*■! 

1457  iii. 

Sept. 

3  '6 

91  50 

"56    S 

ID    10 

1-103 

39 

jS 

.46. 

Ang. 

6    3 

.96 

^5 

u 

0-31 

40 

119 

1468  ii. 

Oot, 

7    9 

3ii6    3 

61   15 

44  '9 

0-853 

4> 

30 

I47I 

Feb. 

»8    5 

48    3 

107  31 

1  55 

OS39 

4* 

w«   / 

Dec. 

14  II 

58  40 

38845 

51  37 

0738 

3' 

1490  ( 

Dec, 

35  " 

"3 

]G8 

75 

07SS 

43 

3» 

"499 

Sept 

6  18 

0 

3»6  30 

11 

t>9i4 

44 

33 

isoo 

M»y 

17 

igo 

310 

75 

'■4 

+S 

34 

.506 

Sept, 

3  i£ 

35037 

IJl    JO 

4S     I 

0-3B6 

46 

(4) 

IJ3' 

Aug. 

14  >i 

301  39 

49  n 

'7  S6 

0S670 

4J 

35 

IS3»     1 

Oct 
Oot. 

19  14 

19   91 

'35  4t 
III     7 

119    8 

80  37 

41  a7 
31  3fi 

0-61*5 
0-5091 

4« 

3fi 

.33  { 

June 

14  ai 

.6  19 

1J7  40 

104  ij 

'99  '9 
"5  44 

18  .4 
3S  49 

0-3369 

a6.  One  at  the  gruideat  comets  on  record.  Its  tnil  is  Mid  to  luTe  boon  100°  long. 
Hock  lias  publiihed  >evsnJ  orbits  all  differing  muoh  Ironi  Pingrri'i. 

17.  Elements  ver;  doubtful. 

aS.  Probably  an  apparition  of  BalUy't  comtt. 

19.  A  Sue  comet.  The  elemeats  assigned  by  Hallej.  Pingr4,  and  Hind  difier 
■omewbat  from  those  here  given. 

30.  Very  uncertain.    No  latitudes  ^Tsn. 

31.  Uncertain.  Tlie  tul  was  lo /m(  Jonjf,  aad  the  head  was  tAc  tin  t/a  inne^lau/ 

33.  Very  uncertain. 

.^3.  An  apparition  of  HaUeift  comet. 

34.  Toleraljly  certain.    The  tail  was  10°  long. 

37.  An  apparition  of  HaUey'i  eonxt.  It  had  a  splendid  tail,  60°  long.  At  one 
time  the  head  was  round,  and  the  size  of  a  bull's  eye,  and  the  tail  like  that  of  a 
peacock  I  I     IfiUnat  Obs.) 

35.  Only  i4>proxim»te.    It  bad  »  ti^  15°  loii(. 
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ff 

M 

+ 

Galoolator. 

Date  of 
Diaoovery. 

Duration 
of  Visibility. 

I'D 

Pingr^ 

1264,  July  14 

Gbinese  &  European 

• 
• 

3  months. 

i*o 

— 

Pingrd 

1399,  Jan.  24 

Chinese  obs. 

II  weeks. 

1*0 

— 

Laugier 

1301,  Sept.  16 

Chinese  &  European 

6  weeks. 

I'O 

— 

Laogier 

1337.  May 

Chinese  &  European 

3  or  4  months. 

i*o 

+ 

Burokhardt 

1351,  Nov.  24 

Chinese  obs. 

I  week. 

1*0 

.. 

Bnrckhardt 

1362,  Mar.    5 

Chinese  obs. 

5  weeks. 

I'O 

•  • 

Peirce 

1366,  Aug.  26 

Chinese  obs. 

Several  days. 

I'O 

— 

Laugier 

1378,  Sept.  26 

Chinese  obs. 

6  weeks. 

I'O 

— 

Hind 

1385.  Oct.   23 

Chinese  obs. 

0 

1*0 

— 

Hind 

1433.  Oct.   12 

Chinese  obs. 

2  months. 

X'O 

+ 

Hind 

1450,  Jan.  19 

Chinese  obs. 

(t) 

I'O 

— 

Pingi^ 

1456,  May  29 

European  &  Chinese 

I  month. 

I'O 

+ 

Hind 

1457.  June 

European  obs. 

3  months. 

I'O 

— 

Hind 

1462 

Chinese  obs. 

I'O 

— 

Laugier 

1468,  Sept. 

European  obs. 

2  or  3  months. 

I'O 

— 

Laugier 

1471,  Deo. 

Begiomontanus 

3  months. 

i-o 

I'O 

+ 

Hind          1 
Peirce 

149 1,  Jan. 

Chinese  obs. 

(0 

lO 

+ 

Hind 

1499 

Chinese  obs. 

(J) 

lO 

— 

Hind 

1500,  April 

European  k  Chinese 

3  weeks  or+ . 

I'O 

— 

Laugier 

1506,  July  31 

Chinese  obs. 

2  weeks. 

I'O 

— 

HaUey 

i53i.Aug.i± 

P.  Apian 

5  weeks. 

lo 

I'O 

+ 
+ 

M^bain     i 
HaUey        J 

1532,  Sept.  22 

P.  Apian 

16  weeks. 

I'O 
I'O 

+ 

Olbere        T 
Douwes      J 

I533>  Ju"!© 

P.  Apian 

2}  months. 

40.  Uncertain.     It  had  a  tail  30^  long. 

41.  A  celebrated  comet.  When  at  its  least  distance  from  the  Earth  (3,300,000 
miles),  on  Jan.  2 1,  it  was  quite  visible  in  full  daylight.  It  had  a  fine  tail,  which  the 
Chinese  say  was  as  long  as  a  street  I 

42.  Uncertain. 

43.  In  the  middle  of  August  this  Comet  seems  to  have  approached  veiy  near  to 
the  Earth. — (Hind,  MSS.  CimvmunicaUd^ 

44.  Elements  uncertain.  It  was  as  large  as  a  6aR  /  and  had  a  tail  from  3°  to 
5"  Jong. 

46.  An  apparition  of  Halley^s  comet.     It  had  a  tail  7**  long. 

47.  It  had  a  tail  several  degrees  long.  Olbers  has  computed  an  orbit  which  agrees 
well  with  Halley's,  but  M^chain's  is  considered  the  best. 

48.  According  to  Olbers,  both  these  orbits  will  satisfy  the  observations,  and  it  is  as 
yet  impossible  to  decide  between  them.    It  had  a  tail  15^  long. 
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Vo. 

Na 

Yev. 

PP. 

' 

8 

1 

9 

d.  h. 

0  / 

0  0 

0  / 

49 

(18) 

1556 

April 

aa  0 

a  74  14 

175  «5 

30  11 

0*5049 

60 

37 

1558 

Aug. 

10  la 

3a9  49 

33a  S6 

73  a9 

o*5773 

61 

38 

1577 

Oct. 

a6  aa 

119  4a 

2$   ao 

75  9 

0-I775 

6« 

39 

1580 

Not. 

a8  la 

108  a6 

19  6 

64  33 

0'6oa3 

53 

40 

158a 

May 

6  16 

«45  «3 

a3i  7 

61  a7 

oaa57 

May 

6  10 

n^  IS 

22g  18 

6047 

0-1683 

54 

4" 

1585 

Oct. 

8  0 

9  8 

37  44 

6  5 

10948 

55 

4« 

1590 

Feb. 

8  0 

ai7  57 

165  37 

a9  39 

©•5677 

66 

43 

1593 

July 

18  13 

176  19 

164  15 

8758 

0-0891 

57 

44 

1596 

July 

H    5 

^7©  54 

330  ao 

51  58 

0-5671 

58 

(4) 

1607 

Oct. 

37  0 

300  46 

48  14 

17  6 

0-5841 

59 

45 

i6i8i. 

Aug. 

17  3 

318  ao 

a93  ^B 

31  28 

0-5119 

6o 

46 

—  Ul. 

Nov. 

8  8 

3  5 

76  44 

37  XI 

03895 

6r 

47 

165  a 

Nov. 

la  15 

a8  18 

88  10 

79  a8 

08475 

6a 

(35?) 

1661 

Jan. 

a6  ai 

116  i<^ 

81  54 

33  0 

0-4427 

63 

48 

1664 

Deo. 

4  " 

130  33 

81  15 

ai  18 

10255 

64 

49 

1665 

April 

n    5 

71  54 

aa8  a 

76  5 

0-1064 

65 

50 

1668 

Feb. 

a4  18 

40  9 

193  a6 

a7  7 

0*2511 

Feb. 

a8  19 

a77  a 

357  17 

35  58 

0*0047 

66 

51 

167a 

March 

I  8 

46  59 

297  30 

83  aa 

0-6974 

67 

52 

1677 

May 

6  0 

137  37 

a36  49 

79  3 

0*2805 

68 

53 

1678 

Aug. 

18  7 

3«a  47 

163  ao 

a  5a 

11453 

49.  A  very  fine  comet,  which  was  expected  to  return  in  i860. 

51.  It  had  a  tail  22°  long.     This  comet  formed  the  subject  of  the  observations  of 
Tycho  Brahe  for  the  detection  of  paraUax. 

52.  Elements  approximate.    Observed  abo  by  Tycho  Brahe. 

53.  Very  uncertain.      It  had  a  faint  tail  3^  long,  which  resembled  a  piece   of 
silic  ! ! 

54.  This  orbit  was  computed  some  years  ago,  to  see  whether  the  comet  of  1844  (ii) 
was  identical  with  this  one. 

55.  It  had  a  tail  7"  long. 

56.  It  had  a  tail  4^°  long. 

57.  Discovered  also  by  Tycho  Brahe. 

58.  An  apparition  of  HaUey's  comet.    It  had  a  tail  7°  long. 

59.  Somewhat  uncertain.    Seen  at  Lintz,  Aug.  17,  and  by  Kepler,  Sept.  I. 
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M 

+ 

Oaloulator. 

Date  of 
Disooveiy. 

Diaooverer. 

Duration 
of  Visibility. 

I'O 

Hind 

155^*  Feb.  a8 

P.  FabriciuB 

10  weeks. 

1*0 

— 

Olbera 

1558.  July  14 

LandgraveofHeise 

6  weeks. 

I'O 

_ 

Woldstedk 

1577,  Nov.    I 

In  Peru 

I  a  weeks. 

1*0 

+ 

Schjellerap 

1580,  Oct.     1 

MoestHn 

10  weeks. 

1X> 

— 

Pingr^ 

158a,  May  I  a 

TychoBrahe 

3  weeks. 

I'O 

— 

D'Arrest 

I'O 

+ 

C.  A.  Pet€ra 
and  Sawitsch 

1585,  Oct.   19 

Tycho  Brahe  ^ 
.Rothmann 

4  weeks. 

I'O 

— 

Hind 

1590,  Mar.    5 

Tycho  Brahe 

3  weeks. 

I'O 

+ 

LaCaiUe 

1593*  July  ao 

De  BisMn 

6  weeks. 

I'O 

— 

Hind 

1596,  July  II 

MoBstlin 

5  weeks. 

0-96708 

— 

Lehmann 

1607,  Sept.  1 1 

Kepler 

9  weeks. 

i-o 

+ 

Pingr^ 

i6i8,Aug.  35 

At  Caschau 

4  weeks. 

I'O 

+ 

Bessel 

—   Nov.  30 

Many  observers. 

7  weeks. 

I-o 

+ 

Halley 

1653,  Deo.  ao 

Hevelius 

3  weeks. 

I-O 

+ 

M^chain 

1661,  Feb.    3 

HeveliuB 

5  weeks. 

I-o 

— 

Lindelof 

1664,  Nov.  17 

In  Spain 

17  weeks. 

I'O 

— 

Halley 

1665,  Mar.  27 

At  Aix 

4  weeks. 

I'O 
I'O 

+ 

Henderson  "i 
Henderson  / 

1668,  Mar.    5 

Gottignies,  etc. 

3  weeks. 

I'O 

+ 

HaUey 

167a,  Mar.    a 

Hevelius 

7  weeks. 

10 

— 

Halley 

1677,  April  27 

Hevelius 

I  a  days. 

0-62697 

+ 

Le  Verrier 

1678,  Sept.  II 

La  Hire 

4  weeks. 

60.  A  splendid  comet ;  it  had  a  tail,  according  to  Longomontanus,  104°  long,  and 
of  a  reddisn  hue.     Said  to  have  been  visible  in  ^e  daytime. 

61.  Elements  only  approximate. 

6^.  By  some  supposed  to  be  identical  with  the  comet  of  1539  ;  it  was  not  re- 
observed,  however,  as  was  anticipated,  about  1791. 

63.  It  had  a  tail  from  6°  to  10  long. 

64.  It  had  a  tail  95°  long. 

65.  Seen  chiefly  in  the  southern  hemisphere  ;  both  orbits  satisfy  the  observations, 
and  it  is  impossible  to  say  which  is  the  correct  one. 

66.  It  had  a  tail  about  i*'  long. 

67.  It  had  a  tail  about  6°  long. 

68.  Elements  only  approximate. 
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No. 

No. 

Year. 

PP. 

» 

8 

1 

ff 

d.  h. 

0   / 

0   / 

e   ' 

69 

54 

1680 

Deo. 

17  ^3 

363  49 

273  9 

60  40 

0*0063 

70 

(4) 

1683 

Sept. 

14  19 

301  55 

51  II 

17  44 

©•5839 

71 

55 

1683 

July 

la  17 

86  31 

173  18 

83  47 

0'5533 

72 

56 

1684 

June 

8  10 

238  6a 

368  15 

6548 

0*9601 

73 

67 

1686 

Sept. 

16  14 

77  0 

350  34 

31  31 

0-3250 

74 

58 

1689 

Nov. 

39  4 

369  41 

90  n 

59  4 

0-0189 

75 

59 

1695 

Nov. 

9  16 

60 

316 

93 

0*8435 

76 

60 

1698 

Oof 

18  16 

370  51 

267  44 

II  46 

0*6913 

77 

61 

1699  L 

Jan. 

13  8 

«ia  31 

3«i  45 

69  20 

07440 

78 

61 

1 701 

Oct. 

17  9 

133  41 

298  41 

41  39 

0*5936 

79 

63 

1701  iL 

March 

13  14 

13846 

188  59 

4  24 

0*6468 

80 

64 

1706 

Jan. 

30  4 

72  39 

13  XI 

56  14 

0*4358 

81 

65 

1707 

Dec. 

II  33 

79  54 

6*  46 

8836 

0*8597 

82 

66 

1718 

Jan. 

14  ai 

121  39 

127  65 

31  8 

I-0354 

83 

67 

17^3 

Sept. 

27  15 

4«  5a 

14  «4 

50  0 

0*9987 

84 

68 

I7«9 

June 

13  6 

320  31 

310  38 

77  5 

4*0435 

•85 

69 

17371. 

Jan. 

30  8 

3«5  55 

236  23 

18  30 

0*3338 

86 

70 

•  • 

—  11. 

June 

8  7 

262  36 

123  53 

39  14 

0*8670 

87 

71 

1739 

June 

17  10 

loa  38 

207  25 

55  42 

0-6735 

88 

7» 

1742  i. 

Feb. 

8  4 

317  35 

185  38 

66  69 

0*7656 

89 

73 

17431. 

Jan. 

8  4 

93  19 

8654 

1  53 

0*8615 

90 

74 

—  ii. 

Sept. 

30  21 

247  0 

6  3 

45  37 

0*5339 

91 

75 

1744 

March 

1  8 

197  13 

45  45 

47  8 

0*2  2  30 

69.  A  splendid  comet,  whose  tail  ultimately  attained  a  length  of  from  70°  to  90°. 
Halley  conjectured  that  this  was  a  return  of  the  comet  of  1106,  531  a.d.,  and  42  B.C., 
but  this  has  Hince  been  shewn  to  be  unlikely.  The  orbit  here  given  supposes  a  period 
of  88 1 4  years  ;  this,  however,  is  subject  to  much  imcertainty,  inasmuch  as  the  ob- 
servations might  possibly  be  satisfied  by  an  805  years*  ellipse,  or  even  by  a  hyper- 
bolic orbit. 

70.  An  apparition  ot  IIaJ£Uy*9  comet.    It  had  a  tail  from  13°  to  16°  long. 

71.  It  had  a  tail  varying  from  3°  to  4^  An  elliptic  orbit;  period  assigned,  190 
years.    This  comet  may  possibly  return  about  1870. 

73.  Its  nucleus  was  as  bright  as  a  ist-magnitude  star,  and  it  had  a  tail  18°  long. 

74.  Observed  very  roughly  in  the  East  Indies.  It  had  a  tail  60*^  long.  Pingr^ 
makes  the  Q  «  323°  45'- 

75.  Observed  stiU  more  imperfectly  than  the  last  in  the  southern  hemisphere.  It 
had  a  tail  18^  long. 

76.  Uncertain. 
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M 

+ 

Oalenhtor. 

Date  of 

Diicoveier. 

Dnratiott 
ofVisibmty. 

099998 

Enoke 

1680,  Not.  14 

At  Coburg 

18  weeks.. 

0*96793 

— 

Bosenberger 

1683,  Aug.  15 

Flamsteed 

5  weeks. 

0*98324 

+ 

ClAiiBen 

1683,  July  23 

Flamsteed 

6  weeks. 

i-o 

— 

HaUey 

1684,  July    I 

Bianchini 

3  weeks. 

1*0 

+ 

HaUey 

1686,  Aug. 

In  India 

I  month. 

i*o 

— 

Vogd 

1689,  Deo.  10 

Blchaud 

3  weeks. 

i*o 

+ 

Burckliardt 

1695,  Oct   a8 

Jacob 

3  weeks. 

I-o 

— 

HaUey 

1698,  Sept.   3 

La  Hire 

4  weeks. 

i-o 

— 

LaCaiUe 

1699,  Feb.  17 

Fontenay 

3  weeks. 

1*0 

— 

Bnrckhardt 

1 701,  Oct.  a8 

PaUu 

I  week. 

I'O 

+ 

Burokhardt 

1703,  April  30 

Bianchini 

3  weeks. 

i*o 

+ 

LaCaiUe 

1706,  Mar.  18 

J.  D.  Cassini 

4  weeks. 

i*o 

+ 

LaCaiUe 

1707,  Nov.  35 

Manfredi 

8  weeks. 

I'O 

— 

Argelander 

1 718,  Jan..  18 

Kirch 

3  weeks. 

I'O 

— 

Sporer 

1733,  Oct.  13 

At  Bombay 

9  weeks. 

100503 

+ 

Burckhardt 

1739,  July  31 

Sarabat 

35  weeks. 

I'O 

+ 

Bradley 

1737,  Feb.    6 

In  Jamaica 

4  weeks. 

I'O 

+ 

Dauflsy 

—    Feb. 

At  Pekin 

(«) 

I'O 

— 

LaCaiUe 

1739,  May  38 

Zanotti 

II  weeks. 

I'O 

— 

LaCaUle 

1743,  Feb.    5 

Cape  of  G.  Hope 

13  weeks. 

o' 7  a  130 

+ 

Clausen 

1743,  Feb.  10 

Grischau 

3  weeks. 

I'O 

— 

D'Arrest 

—  Aug.  18 

KUukenberg 

4  weeks. 

I'O 

+ 

Betts 

—   Deo.    9 

Klinkenberg 

4  months  (?) 

78.  Observed  also  by  Thomas  at  Pekin. 

79.  Very  roughly  observed  ;  visible  to  the  naked  eye. 
81.  Discovered  by  J.  D.  Cassini,  Nov.  39. 

83.  Afterwards  seen  in  Europe,  with  a  faint  tail  i**  long. 

84.  Scarcely  perceptible  to  the  naked  eye.  The  orbit  is  a  liyperboUc  one,  and 
remarkable  for  its  enormous  periheUon  distance,  the  greatest  known. 

86.  Elements  only  approximate. 

88.  Visible  to  the  naked  eye,  vdth  a  taU  6°  or  8°  long. 

89.  Very  imperfectly  observed.     An  elliptic  orbit ;  period  assigned,  5*436  yean. 

90.  Very  uncertain.     Virible  to  the  naked  eye. 

91.  The  finest  comet  of  the  i8th  centuiy.  On  Feb.  15  it  had  a  bifid  tail,  the 
eastern  portion  being  7°  long,  and  the  western  34°.  ViBible  in  a  telescope  in  the 
daytime.  Euler  has  cidculated  an  elliptic  orbit,  to  which  he  assigns  a  period  of 
122,683  years !  i  The  statement  of  this  comet  having  had  six  tails  is  believed  to  be  a 
fabrication. 
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Na 

No. 

Year. 

PP. 

M 

8 

f 

0   / 

3 

d. 

h. 

0  t 

0   / 

9» 

(17I) 

1746 

Feb. 

15 

0 

I40  0 

335  0 

6  0 

095 

93 

76 

1747 

March 

3 

7 

277   2 

147  18 

79  6 

2-1985 

94 

77 

1748  i. 

April 

28 

18 

215  23 

n^  51 

85  28 

0*8404 

95 

78 

—  iL 

June 

18 

21 

278  47 

33  8 

67  3 

0-6253 

96 

79 

1757 

Oct. 

21 

7 

122  58 

214  12 

12  50 

03375 

97 

80 

1758 

Jane 

II 

3 

267  38 

230  50 

68  19 

0-2153 

98 

(4) 

1759  i- 

March 

12 

13 

303  10 

S3  50 

17  36 

0-5845 

99 

81 

•  • 

—  11. 

Nov. 

27 

2 

53  H 

139  39 

78  59 

07985 

100 

82 

•  •• 

—  Ul. 

Dec. 

16 

21 

138  24 

79  50 

4  61 

09659 

lOI 

83 

1761 

May 

28 

8 

104  2 

348  33 

8538 

1*0090 

loa 

84 

1763 

Nov. 

I 

20 

8458 

35^  «4 

7a  31 

0-4982 

103 

85 

1764 

Feb. 

12 

13 

15  14 

120  4 

5^  53 

0*5552 

104 

86 

1766  L 

Feb. 

17 

8 

143  15 

244  10 

40  50 

05053 

105 

87 

•  • 

—  11. 

April 

26 

n 

251  13 

74  II 

8  I 

03989 

106 

88 

1769 

Oct 

7  14 

144  II 

175  3 

4045 

0*1227 

107 

89 

1770  i. 

Aug. 

13 

12 

35^  16 

131  59 

I  34 

0-6743 

108 

90 

•  • 

—  11. 

Nov. 

22 

5 

208  22 

108  42 

31  n 

0*5282 

109 

91 

1771 

April 

19 

5 

104  3 

27  51 

II  15 

09034 

no 

92 

1772 

Feb. 

19 

2 

no  14 

«54  0 

18  17 

1-0136 

III 

93 

1773 

Sept 

5 

14 

75  10 

121  5 

61  14 

1*1268 

iia 

94 

1774 

Aug. 

15 

19 

317  37 

180  44 

83  20 

14328 

"3 

95 

1779 

Jan. 

4 

2 

87  14 

^5  4 

33  30 

07131 

"4 

96 

1780  1. 

Sept. 

30 

22 

346  35 

in  41 

54  n 

0-0963 

92.  Elements  uncertain,  but  they  strongly  resemble  those  of  the  comet  of  1 231. 
It  passed  very  near  the  Earth. 

93.  Observed  only  during  1 746. 

94.  Discovered  by  J.  D.  Maraldi,  April  30.     Visible  to  the  naked  eye,  with  a  tail 
2"  long. 

95.  Very  uncertain. 

96.  Elements  tolerably  reliable.     It  had  a  small  taiL 

98.  The  first  predicted  apparition  of  H<Mey*8  comet.    On  May  5  its  tail  was  47*^ 
long. 

99.  Visible  to  the  naked  eye,  with  a  tail  5*"  long.     Elements  resemble  those  of  the 
comet  of  1449. 

100.  This  comet  came  near  the  Earth,  and  moved  with  great  rapidity ;  it  had  a 
tail  4°  long. 

loi.  It  had  a  small  tail. 

102.  An  elliptic  orbit ;  period  assigned,  7334  years.    Lezell  makes  it  1137  years. 
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ff 

+ 

Bate  of 
Disoo?ei7. 

Discoverer. 

Duration 
of  Visibility. 

i-o 

Hind 

1746,  Feb.    2 

Kindermans 

4  weeks.   - 

i-o 

— 

LsCaiUe 

—    Aug.  13 

Ch^saux 

15  weeks. 

i*o 

— 

Le  Monnier 

1 748,  April  26 

AtPekin 

9  weeks;  ■ 

I'O 

+ 

Bessel 

—     May  19 

Klinkenberg 

4  days.    -1 

•    -  - 

i*o 

+ 

Bradley 

I757>8ept.i3 

Bradley 

5  weeks. 

I'O 

+ 

Pingr^ 

1758,  May  26 

LaNuz 

5  months. 

0*96768 

— 

Rosenberger 

—     Dec.  25 

Palitzch 

5  months. 

I'O 

+ 

LaCaiUe 

1760,  Jan.  25 

Messier 

8  weeks. 

I'O 

— 

LaCaiUe 

—     Jan.     7 

At  Lisbon 

14  weeks. 

I-o 

+ 

Barokhardt 

176a,  May  17 

Klinkenberg 

6  weeks. 

099868 

+ 

Borckhardt 

1763,  Sept.  28 

Messier 

8  weeks. 

I-o 

— 

PingT^ 

1764,  Jan.     3 

Messier 

6  weeks. 

I-o 

— 

Pingi^ 

1766,  March  8 

Messier 

9  weeks. 

0*8640 

+ 

Borckhardt 

—    April    I 

Helfenzrieda 

6  weeks. 

0-99924 

+ 

Bessel 

1769,  Ang.  8 

Messier 

16  weeks. 

0*78683 

-»• 

Le  Vemer 

1770,  Jane  14 

Messier 

15  weeks. 

I-o 

— 

Pingr^ 

1 77 1,  Jan.  10 

La  Nnx 

8  days. 

1-00936 

+ 

Encke 

—     April  I 

Messier 

15  weeks. 

0-90314 

+ 

Bessel 

1772,  Mar.    8 

Montaigne 

3  weeks. 

i*o 

-»• 

Burckhardt 

J  773,  Oct.  12 

Messier  ■ 

27  weeks. 

1*02829 

+ 

Burckhardt 

1774,  Aug.  II 

Montaigne 

II  weeks. 

10 

+ 

Zaoh 

1779,  Jan.     6 

Bode 

19  weeks. 

0-99994 

t 

— 

auver 

1780,  Oct.  26 

Messier 

5  weeks. 

103.  Visible  to  the  naked  eye,  with  a  tail  2^**  long. 

105.  Discovered  by  Messier,  April  8.  An  elliptic  orbit ;  period  assigned,  5*025 
years.     Visible  to  the  naked  eye,  with  a  tail  3°  or  4**  long. 

106.  Visible  to  the  naked  eye,  with  a  tail  from  60"*  to  So**  long.  Bessel  assigns 
2090  years  as  the  most  likely  period  of  revolution.  He  has  shewn  that  an  error  of 
5"  either  may  increase  the  period  to  2673  years  or  diminish  it  to  1692  years. 

107.  The  celebrated  LexdVe  comet.  The  diameter  of  the  head.  July  i,  was  aj.^ 
It  had  also  a  small  tail,  and  approached  within  1,400,000  miles  of  the  Earth. 

108.  It  had  a  faint  tail,  5°  long. 

109.  The  orbit  of  this  comet  is  undoubtedly  hyperbolic.  It  had  a  tail  about  a'' 
long. 

1 10.  The  first  recorded  apparition  of  Bida'9  comet. 

111.  Just  perceptible  to  the  naked  eye. 

113.  Discovered  by  Messier,  Jan.  18. 

11 4.  An  elliptic  orbit ;  period  assigned,  75,314  years. 
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Na 

No. 

Year. 

pp. 

M 

8 

1 

? 

d. 

h. 

0   / 

0   / 

0   / 

115 

97 

1780 

•  • 

u. 

Nov. 

a8 

ao 

346  5  a 

141  I 

7a  3 

0-5153 

xz6 

98 

1781 

• 

July 

7 

4 

139  II 

83  0 

81  43 

07758 

"7 

99 

— 

•  • 

Nov. 

«9 

la 

16  3 

77  « 

27  13 

0*9610 

iz8 

100 

1783 

• 

1. 

Nov. 

19 

13 

49  31 

55  " 

47  43 

1*4953 

119 

lOI 

1784 

• 

1. 

Jan. 

ai 

4 

80  44 

56  49 

51  9 

07078 

ISO 

loa 

•  • 

11. 

March 

10 

0 

137 

35 

84 

0-637 

lai 

103 

1785 

i 

Jan. 

27 

7 

109  51 

264  I  a 

70  14 

11434 

laa 

104 

— 

•  • 

11. 

April 

8 

8 

297  29 

64  33 

87  31 

0-4273 

laS 

105 

1786 

• 

1. 

Jan. 

30 

ao 

156  38 

334  8 

13  36 

0-3348 

"4 

106 

— 

u. 

July 

7 

ai 

159  as 

194  aa 

50  54 

o'4ioi 

"6 

107 

1787 

May 

10 

19 

744 

106  51 

48  15 

0-5489 

ia6 

108 

1788 

• 

1. 

Nov. 

10 

7 

99  8 

156  56 

12  27 

1*0630 

127 

109 

— 

u. 

Nov. 

ao 

7 

aa  49 

35«  H 

64  30 

0-7573 

ia8 

no 

1790 

• 

1. 

Jan. 

15 

5 

60  14 

176  II 

31  54 

07581 

xa9 

III 

— 

u. 

Jan. 

a8 

7 

III  44 

267  8 

5658 

1*0633 

130 

•  ixa 

— 

•  •• 

111. 

May 

ai 

5 

a73  43 

33  II 

63  52 

0*7979 

131 

"3 

179a 

• 

1« 

Jan. 

13 

13 

36  29 

19046 

39  46 

1-3930 

13a 

114 

— 

ii. 

Dec. 

27 

6 

135  59 

283  15 

49  I 

0*9662 

133 

"5 

1793 

• 

1. 

Nov. 

4 

ao 

228  42 

108  29 

60  ai 

0-4034 

134 

116 

— 

•  • 

11. 

Nov. 

ao 

5 

71  54 

2  0 

51  31 

14951 

135 

(105) 

1795 

Dec. 

ai 

10 

156  41 

334  39 

13  4» 

0-3344 

136 

117 

1796 

April 

a 

»9 

19a  44 

17  2 

64  54 

1*5781 

137 

118 

1797 

July 

9 

a 

49  27 

329  15 

50  40 

0*5266 

138 

119 

1798 

• 

1. 

April 

4 

II 

104  59 

laa  9 

43  52 

0-4847 

139 

lao 

^^ 

•  • 

u. 

Dec. 

31 

13 

34  «7 

«49  30 

43  36 

0-7795 

115.  Discovered  by  Olben  on  the  same  day. 

116.  Visible  to  the  naked  eye,  Nov.  9,  with  a  tail  3**  long.    It  came  veiy  near  the 
Earth. 

118.  An  elliptic  orbit ;  period  assigned,  5*613  years. 

1 19.  Visible  to  the  naked  eye,  with  a  tail  2°  long. 

120.  Not  only  are  the  elements  uncertain,  but  it  is  doobtfnl  whether  the  comet 
ever  existed. 

I  a  a.  Visible  to  the  naked  eye,  with  a  tail  8**  long. 

133.  The  first  recorded  apparition  oi  EnM*  comd. 

1 26.  Visible  to  the  naked  eye,  with  a  tail  2}°  long. 

I  a 8.  Imperfectly  observed  on  four  occasions.    Elements  only  approximate. 
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ff 

A* 

Date  of 
Biaoovery. 

BmrBtkn 
ofVisibiUty. 

I'O 

Olbera 

1780,  Oct.  18 

Montaigne 

3  days. 

1*0 

+ 

M^chain 

1 781,  June  a8 

M^chain 

3  weeka. 

I'O 

— 

M^hain 

—     Oct.    9 

M^chain 

II  weeka. 

06784 

+ 

Buiokhaidt 

1783,  Nov.  19 

Pigott 

4  weeka. 

i-o 

— 

M^chain 

—    Dec.  15 

LaNux 

33  weeka. 

10 

+ 

Burckhaidt 

i784yAprilio 

D'AngoB 

6  days. 

10 

+ 

M^hain 

1785,  Jan.    7 

Messier 

5  weeks. 

I'O 

— 

M^chain 

—    Mar.  II 

M^chain 

5  weeks. 

0-84836 

+ 

Enoke 

1786,  Jan.  17 

M^chain 

3  days. 

I'O 

+ 

M^chain 

—    Aug.    I 

Mifis  Hersohel 

I  a  weeks. 

I'O 

— 

Saron 

1787,  April  10 

M^chain 

7  weeka. 

I'O 

_ 

M^chain 

1788,  Nov,  2$ 

Meaner 

5  weeks. 

I'O 

+ 

M^hain 

—    Dec.  ai 

Miaa  Hersohel 

4  weeks. 

I'O 

— 

Saron 

1790,  Jan.    7 

Miaa  Hersohel 

a  weeks. 

I'O 

+ 

M^haia 

—    Jan.    9 

M^chain 

3  weeks. 

I'O 

— 

M^ohain 

^    April  18 

MiaaHerschel 

10  weeks. 

I'O 

.. 

M^chain 

1791,  Dec.  15 

Miaa  Hersohel 

6  weeks. 

I'O 

— 

ProBperin 

1793,  Jan.    8 

Gregory 

6  weeks. 

I'O 

— 

Saron 

—     Sept.  17 

Meaaier 

15  weeks. 

0-97343 

+ 

D'Airest 

—    Sept.  34 

Pemy 

10  weeka. 

084888 

+ 

Encke 

1795,  Nov.   7 

Miaa  Herachel 

3  weeka. 

I'O 

.. 

Olbers 

1796,  Mar.  31 

Olbera 

a  weeks. 

I'O 

— 

Olbera 

1797,  Aug.  14 

Bouvard 

3  weeks. 

I'O 

+ 

Burckhaidt 

1 798,  April  I  a 

Meaaier 

6  weeka. 

I'O 

— 

Bnrokhardt 

—     Dec.    6 

• 

Bouvard 

I  week. 

130.  Visible  to  the  naked  eye,  with  a  tail  4°  long. 

132.  Discovered  by  M^chain  and  Piaszi,  Jan.  10.    There  waa  a  traod  of  a  tail  to 
be  seen. 

134.  Diaoovered  by  Miaa  Herachel,  Oct.  7.    An  elliptic  orbit ;  period  aaaigned,  4aa 
years. 

135.  An  apparition  of  Encke  $  comet.    It  waa  juat  visible  to  the  naked  eye. 

136.  Very  faint. 

137.  Discovered  by  Misa  Herachel  and  Lee  on  the  aame  evening ;  by  Rddiger, 
^^K'  ^h>  >iid  by  Kecbt,  Aug.  16. 

139.  Discovered  by  Olbera,  Dec.  18.     Elementa  only  approximate. 
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No. 

Na 

Year. 

PP. 

9 

Q 

1 

? 

d. 

h. 

e   / 

0  / 

0  / 

140 

lai 

1799 

• 

1. 

Sept. 

7 

5 

3  39 

99  3« 

50  56 

08399 

141 

(61) 

— 

■  • 

11. 

Deo. 

35 

ai 

190  30 

3*6  49 

77  I 

0-6358 

H* 

laa 

1801 

Aug. 

8 

13 

183  49 

44  a8 

ai  ao 

0*2617 

143 

"3 

i8oa 

Sept. 

9 

ai 

333  9 

310  15 

57  0 

1-0941 

144 

134 

1804 

Feb. 

13 

15 

148  53 

17649 

56  44 

1-0773 

145 

(105) 

1805 

Nov. 

ai 

la 

156  47 

334  «o 

13  33 

03404  * 

146 

(9a) 

1806 

• 

1. 

Jan. 

I 

«3 

109  33 

«5i  15 

13  38 

0-9068 

X47 

115 

— 

•  • 

u. 

Dec. 

a8 

aa 

97  « 

322   19 

35  a 

1*0815 

148 

ia6 

1807 

Sept. 

18 

17 

270  54 

366  47 

63   10 

0*6461 

»49 

ia7 

1808 

iL 

May 

la 

aa 

69  13 

3aa  58 

45  43 

0-3898 

150 

ia8 

— 

m. 

July 

la 

4 

353  38 

34  II 

39  18 

0-6079 

151 

129 

1810 

Oct. 

5  19 

63   9 

308  53 

6a  46 

0-9691 

15a 

130 

1811 

• 

Sept. 

la 

6 

75  0 

140  34 

73  « 

1-0354 

153 

131 

— 

U. 

Nov. 

10 

^3 

47  «7 

93  I 

31  17 

1-5831 

«S4 

133 

i8ia 

Sept. 

15 

7 

9a  18 

363  I 

73  57 

07771 

155 

133 

1813 

9 

1. 

March 

4 

13 

69  56 

6048 

ai  13 

0-6991 

156 

134 

— 

■  • 

11. 

May 

19 

10 

197  43 

43  40 

81  a 

I*2l6l 

157 

135 

1815 

April 

«5 

23 

149  a 

83  a8 

44  29 

1-3138 

158 

136 

1816 

March 

I 

8 

«67  35 

3^3  14 

43  5 

00485 

159 

137 

1818 

• 

1. 

Feb. 

7 

9 

95  7 

350  4 

ao  a 

0733a 

160 

138 

— 

•  • 

u. 

Feb. 

n 

«3 

i8a  45 

70  a6 

8943 

11977 

i6x 

139 

— 

111. 

Dec. 

4 

33 

101  55 

89  59 

63  5 

0-8550 

i6a 

(105) 

1819 

• 

Jan. 

37 

6 

156  59 

334  33 

13  36 

o*335a 

140.  Discovered  by  Olbers,  Aug.  a6.  At  first  fiunt,  but  afterwards  visible  to  the 
naked  eye,  with  a  taif  to"  long. 

1 41.  Probably  a  return  of  the  comet  of  1699.  Visible  to  the  naked  eye,  with  a 
tail  from  i''  to  3*^  long. 

143.  Discovered  at  Paris,  July  I3.    Elements  resemble  those  of  the  comet  of  1462. 

143.  Discovered  by  Mdchaio,  Aug.  38,  and  by  Olbers,  Sept  a. 

1 44.  Discovered  by  Bouvard,  March  10,  and  by  Olbers,  March  13. 

145.  An  apparition  of  Eneke^e  comet.  Discovered  by  Pons,  Huth,  and  Bouvard, 
Oct.  30.    Visible  to  the  naked  eye,  with  a  tail  3°  long. 

146.  An  apparition  of  Bida*»  comet.  Discovered  by  Bouvard,  Nov.  16,  and  by 
Huth,  Nov.  3  a.     Visible  to  the  naked  eye, 

X48.  Discovered  by  Pons,  Sept.  30.  It  was  visible  to  the  naked  eye,  with  a  tail  5^ 
long.  An  elliptic  orbit;  period  assigned,  1 714  years,  which  may,  however,  be  ex- 
tended to  2157  years  or  induced  to  1403  years. 

149.  Discovered  by  Wisniewski,  March  29. 

150.  Elements  only  approximate. 
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c 

M 

Oaloolator. 

Date  of 
Difloorery. 

Diicoverar* 

BorahoQ 
of  Visibility. 

1*0 

Borckhardt 

1779.  Aug.    7 

M^diain 

3  weeks. 

i-o 

•r- 

M^hain 

--    Dec.  26 

M^chain 

10  days. 

I'O 

— 

Burckhardt 

1 801,  June  30 

Beissig 

3  weeks. 

I'O 

+ 

Olben 

1803,  Aug.  26 

Pons 

6  weeks. 

I'O 

+ 

Boavard 

1804,  Mar.    7 

Pons 

3  weeks. 

0*84617 

+ 

Encke 

1805,  Oct.   19 

ThuHs 

3  weeks. 

074578 

+ 

Gambart 

—    Nov.  10 

Pons 

4  weeks. 

I'O 

— 

Burckhardt 

1806,  Nov.  10 

Pons 

14  weeks. 

0-99548 

+ 

Beasel 

1807,  Sept.  9 

Parisi 

38  weeks. 

I'O 

— 

Encke 

1808,  Mar.  35 

Pons 

I  week. 

I'O 

— 

Beasel 

—    June  34 

PonB 

10  days. 

I'O 

+ 

Beasel 

1810,  Aug.  13 

Pona 

6  weeks. 

0-99509 

— . 

Argdander 

1811,  Mar.  26 

Flangergnes 

17  months. 

o'9827i 

+ 

Nicolai 

—     Nov.  16 

Pons 

13  weeks. 

0*95454 

+ 

Encke 

1 81  a,  July  20 

Pons 

10  weeks. 

I'O 

— 

NiooUett 

1813,  Feb.    4 

Pons 

5  weeks. 

i*o 

— 

Encke 

—     Mar.  18 

Pons 

6  weeks. 

0*93131 

+ 

Bessel 

1815,  Mar.    6 

Olbers 

35  weeks. 

I'O 

+ 

Burckhardt 

1816,  Jan.  33 

Pons 

II  days. 

I'O 

+ 

Pogson 

1818,  Feb.  33 

Pons 

4  days. 

I'O 

+ 

Enoke 

181 7,  Dec.  36 

Pons 

18  weeks. 

I'O 

— 

Roaenberger 

1818,  Nov.  38 

Pons 

9  weeks. 

0*84858 

+ 

Encke 

—    Nov.  36 

Pons 

7  weeks. 

153.  A  very  celebrated  comet,  coiupicuously  visible  in  the  evenings  of  the  autumn 
of  1811.  It  had  a  tail  35^  long  and  6'^br6ad.  The  most  reliable  computations  assign 
a  periodic  term  of  3065  years,  subject  to  an  uncertainty  of  not  more  than  43  years. 
The  orbit  of  this  comet  is  liable  to  much  planetary  perturbation. 

153.  An  elliptic  orbit ;  period  assigned,  875  years.     Visible  to  the  naked  eye. 

154.  An  elliptic  orbit;  period  assigned,  70*08  years.  Visible  to  the  naked  eye, 
with  a  tail  2°  long. 

156.  Discovered  also  by  Harding,  April  3.     Visible  to  the  naked  eye. 

157.  An  elliptic  orbit ;  period  assigned,  70*049  years.  Bessel  anticipates  that 
planetary  perturbation  will  bring  it  back  to  penhelion,  1887,  Feb.  9.  It  had  a 
short  tail. 

158.  Elements  only  approximate. 

159.  The  observations  were  few  and  indifferent. 

161.  Discovered  by  Bessel,  Deo.  33.  It  moved  very  rapidly.  Bosenberger  has 
computed  a  hyperbolic  orbit. 

102.  An  apparition  of  Encke* 8  comet ,  the  periodicity  of  which  was  now  discovered. 
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No. 

Na 

Your. 

PP. 

« 

S 

I 

9 

d.  h. 

0     / 

e    / 

0  / 

163 

140 

1819  iL 

June 

a7  17 

a87  5 

«73  4a 

8044 

o'34io 

X64 

141 

•  •• 

—  m. 

July 

18  41 

374  40 

113  10 

10  43 

07736 

166 

X4a 

—  iv. 

Nov. 

30  5 

67  18 

77  13 

9  I 

0-8935 

x66 

143 

1831 

March 

ai  la 

339  39 

4840 

73  3 

0-0918 

167 

144 

i8aa  i. 

May 

5  14 

193  43 

177  36 

53  37 

0-5044 

z68 

(105) 

•  • 

—  u. 

May 

n  n 

157  " 

334  n 

13  30 

0-3459 

169 

145 

—  m. 

July 

16  la 

3i8  33 

97  40 

38  13 

0-8367 

170 

146 

—  iv. 

Oct. 

33  18 

371  40 

9a  44 

5«  39 

11450 

171 

147 

1823 

Dec. 

9  10 

«74  34 

303  3 

76  11 

0*3365 

i7« 

148 

i8a4  L 

July 

II  13 

360  16 

334  19 

54  34 

0-5913 

173 

149 

—  ii 

Sept. 

99  I 

4  31 

379  15 

54  36 

1*0501 

174 

(iia) 

1835  L 

May 

30  13 

«73  56 

30  6 

56  41 

0*8891 

175 

150 

—  it 

Aug. 

18  17 

10  14 

193  56 

8941 

0*8834 

176 

(105) 

••• 

HI. 

Sept. 

16  6 

157  14 

334  37 

13  31 

0*3448 

177 

151 

—  iv. 

Dec. 

10  16 

31846 

ai5  43 

33  3a 

i'34oa 

178 

(90 

i8a6  i. 

March 

18  9 

109  45 

351  38 

13  33 

0-9035 

179 

15a 

•  • 

—  u. 

April 

31  33 

"6  54 

197  38 

40  3 

3*0111 

180 

153 

—  iii 

April 

39   0 

3548 

40  39 

5  17 

0*1881 

i8x 

154 

—  iv. 

Oct. 

8  33 

5748 

44  6 

as  57 

0*8538 

i8a 

155 

—   V. 

Nov. 

18  9 

316  31 

335  7 

89  33 

0*0368 

183 

156 

1827  L 

Feb. 

4  33 

33  30 

184  37 

77  35 

0*5065 

184 

157 

•  • 

—  u. 

June 

7  ao 

397  31 

318  10 

43  38 

0*8081 

163.  A  veiy  brilliant  comet,  with  a  tail  7*^  long. 

164.  An  elliptic  orbit ;  period  aengned,  5*618  years.  Considered  by  dausen  as  a 
retnm  of  the  comet  of  1766  (ii). 

165.  Discovered  by  Pons,  Dec.  4.  An  elliptic  orbit ;  period  anigned,  4*810  years. 
Clausen  thought  this  comet  might  be  identicu  with  that  of  1743  (i). 

166.  Discovered  by  Nioollett  on  the  same  day,  and  by  Blainpain,  Jan.  35.  Visible 
to  the  naked  eye,  with  a  tail  3}^  long. 

167.  Discovered  by  Pons,  May  14,  and  by  Biela,  May  17. 

168.  The  first  predicted  apparition  of  Bncke'i  comet.  Seen  only  in  New  South 
Wales. 

169.  Its  apparent  motion  was  very  rapid. 

170.  Discovered  by  Gambart,  July  16.  An  elliptic  orbit;  period  assigned,  5444 
years.    Visible  to  the  naked  eye,  wiUi  a  tail  ii°  loi^g* 

171.  Discovered  by  Pons,  Dec.  39 ;  by  Komer,  Dec.  30 ;  and  by  Santini,  Jan.  3. 
This  comet  had,  in  addition^to  the  usual  tail  turned  from  the  Sun,  another  turned 
towards  ii. 
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« 

A* 

OiOculiiter. 

Diteor 
Disooveiy. 

Disoovew. 

Dmatiaa 
of^slbfllly. 

I'O 

+ 

BouYard 

1 819,  July    I 

Tralles 

16  weeks. 

0-75519 

+ 

Encke 

—    Jane  13 

Pons 

5  weeks. 

0*68674 

+ 

Encke 

—    Nov.  «8 

Blainpain 

8  weeks. 

vo 

.. 

Ro0enbei{^r 

1821,  Jan.  31 

Pons 

15  weeks. 

I'O 

— 

NiooUet 

1833,  May  13 

Gambart 

7  weeks. 

084446 

+ 

Enoke 

—    June   3 

BtLmker 

3  weeks. 

I'O 

— 

Heiligenstein 

—     May  31 

Pons 

3  weeks. 

0*9^30 

— 

Enoke 

—    Jnly  13 

Pons 

1 7  weeks. 

I'O 

.. 

Encke 

1833,  Deo.    I 

In  Switserland 

13  weeks. 

I'O 

— 

Bttmker 

1834,  Joly  15 

Biimker 

4  weeks. 

1-00173 

+ 

Enoke 

—    July  33 

Soheithaaer 

33  weeks. 

I'O 

— 

danMn 

1835,  May  19 

Gambart 

8  weeks. 

I'O 

+ 

Clausen 

—     Aug.  9 

Pons 

3  weeks. 

0*84488 

-»• 

Enoke 

—     July  13 

Yak 

8  weeks. 

0*99536 

— 

Hansen 

—     July  15 

Pons 

13  months. 

0*74657 

+ 

Santini 

1836,  Feb.  37 

Biela 

8  weeks. 

I'O 

+ 

Clausen 

1835,  Nov.   6 

Pons 

33  weeks. 

I'O 

— 

Cltlver 

1836,  Mar.  39 

Flaugergues 

9  days. 

I'O 

-»• 

ArgeUnder 

—     Aug.  7 

Pons 

15  weeks. 

I'O 

— 

Cliiver 

—      Oct.    33 

Pons 

II  weeks. 

I'O 

— 

Heiligenstein 

—     Dec.  36 

Pons 

5  weeks. 

1*0 

— 

HeQigenstein 

1837,  June  30 

Pons 

4  weeks. 

172.  Seen  only  in  the  southern  hemisphere. 

173.  Discovered  by  Pons,  July  34,  and  afterwards  by  Gambart  and  Harding. 

174.  It  had  a  tail  i^"  long.     Elements  resemble  those  of  1790  (iii). 

175.  Discovered  by  Harding,  Aug.  33.     Orbit  remarkable  for  its  g^reat  inclii 
tion. 

176.  An  apparition  of  Encke* b  comet.     Discovered  by  Plana,  Aug.  10,  and  by  Po 
Aug.  14. 

177.  Discovered  by  Biela,  July  19.    Very  conspicuous  eariy  in  October,  witli 
bifid  tail  i.s°  long.     An  elliptic  orbit ;  period  assigned,  4386  years. 

1 78.  An  apparition  of  Biela*$  cornet^  whose  periodicity  was  now  discovered.    Fou 
by  Gambart,  March  9. 

180.  Elements  uncertain. 

181.  The  path  of  this  comet  crosses  the  ecliptic  near  the  Earth's  orbit. 

183.  Discovered  by  Clausen,  Oct.  26,  and  by  Gkunbart,  Oct.  38.     Visible  to  t 
naked  eye,  with  a  tail  |^  long. 

184.  IMsoovered  also  by  Giambart.    Elements  resemble  those  of  the  oomet  of  150 
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Ka 

No. 

Yew. 

PP. 

w 

8 

1 

9 

d. 

h. 

0   / 

0  / 

0   / 

185 

158 

1837111 

S^ 

ir 

6 

35057 

149  39 

54  4 

0-1378 

x86 

(105) 

1839 

Jan. 

9 

17 

157  17 

334  29 

13  20 

0-3455 

187 

159 

1830  i. 

April 

9 

7 

313  II 

306  31 

31  16 

0'93i4 

188 

160 

•  • 

Dec. 

17 

15 

310  59 

337  53 

44  45 

01358 

189 

(105) 

1833  i. 

Maj 

3 

n 

i57  ai 

334  3a 

13  33 

03434 

190 

161 

—  u. 

Sept. 

«5 

13 

337  55 

7a  37 

43  18 

1*1839 

191 

(90 

••• 
—  m. 

Nov. 

36 

3 

no  0 

348  15 

13  13 

0-8790 

19a 

163 

1833 

Sept. 

10 

4 

333  51 

3»3  0 

7  31 

0-4584 

193 

163 

1834 

April 

a 

16 

«76  33 

336  48 

5  56 

0-5150 

194 

164 

1835  i. 

March 

37  13 

307  43 

58  19 

9  7 

30413 

195 

(105) 

•  • 

—  u. 

Aug. 

36 

8 

157  33 

334  34 

13  31 

0-3444 

196 

(4) 

•  •• 

—  lU. 

Nov. 

15 

33 

304  31 

55  9 

17  45 

05865 

197 

(106) 

1838 

Deo. 

19 

0 

157  «7 

334  3^ 

13  ai 

03440 

198 

165 

1840  L 

Jan. 

4 

10 

193  II 

"9  57 

53  5 

0*6184 

199 

166 

•  • 

—  u. 

March 

13 

3 

80  13 

336  50 

59  " 

1*3304 

300 

(16) 

—  iu. 

April 

1 

13 

334  30 

186  4 

79  51 

0*7430 

aoi 

167 

—  iv. 

Nov. 

13 

15 

33  31 

348  56 

57  57 

1-4808 

ao9 

(105) 

184a  i 

April 

13 

0 

157  «9 

334  39 

13  30 

0-3450 

303 

168 

•  ■ 

—  u. 

Dec. 

15 

33 

3^7  17 

307  49 

73  34 

0-5044 

304 

169 

1843  i. 

Feb. 

37 

9 

«78  39 

I  13 

35  41 

0*0055 

305 

170 

•  • 

—  u. 

May 

6 

I 

381  39 

157  14 

5a  44 

1*6163 

ao6 

171 

•  •• 

—  m. 

Oct. 

17 

3 

49  34 

309  39 

II  33 

1*6935 

185.  At  one  time  suppoeed  to  be  a  return  of  the  comet  of  1780  (i).     An  elliptic 
orbit ;  period  assigned,  361 1  years. 

186.  An  apparition  of  Encke*t  comet,  afterwards  visible  to  the  naked  eye. 

187.  Discovered  in  the  southern  hemisphere.    Visible  to  the  naked  eye,  with  a  tail 
8*^  long. 

188.  Visible  to  the  naked  eye,  with  a  tail  3}°  long. 

189.  An  apparition  of  EnMs  comet.     Discovert  by  Henderson,  June  3.    Only 
one  observation  was  made  in  Europe. 

190.  Discovered  by  Harding,  July  39. 

191.  The  first  predicted  apparition  ciBiMt  comet, 
193.  Discovered  by  Dunlop,  March  16. 

195.  An  apparition  of  EnAe*8  comet.    Discovered  by  Boguslawski,  July  30. 

196.  The  second  predicted  return  of  HdUey'B  comet.    It  was  visible  to  the  naked 
eye  during  the  whole  of  October,  with  a  tail  £^m  30°  to  30°  long. 

107.  An  apparition  oiEwke'9  comet.    Discovered  by  Galle,  Sept.  16.     Perceptible 
tg  the  naked  eye,  Nov.  7. 
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c 

A* 

CUculator. 

Dste<tf 
Discovery. 

Duration 
<tf^^nsibiUty. 

o-999«7 

Clilver 

i8a7,  Aug.     1 

Pons 

10  weeks. 

0*84463 

+ 

Encke 

i8a8,  Oct.     13 

Struve 

15  weeks. 

0-99938 

+ 

Hadenkamp 
and  Mayer 

1830,  March  16 

D'Abbadie 

a  a  weeks. 

1*0 

— 

Wolfers 

1831,  Jan.      7 

Herepath 

9  weeks. 

0-84541 

+ 

Encke 

183a,  June     I 

MoaM>tti 

t 

i-o 

— 

C.  A.  Peters 

—     July    19 

Gambart 

4  weeks. 

0-75146 

+ 

Santini 

—    Aug.   a5 

Dumouohel 

18  weeks. 

1-0 

+ 

G.  A.  Peten 

1833,  Oct       I 

Dunlop 

a  weeks. 

1-0 

+ 

Petersen 

1834,  March  8 

Gkunbart 

6  weeks. 

1-0 

— 

W.Besael 

1835,  April  ao 

Bog^uslawski 

5  weeks. 

0-84503 

+ 

Encke 

—    July    aa 

Kreil 

9  weeks. 

0-96739 

— 

Westphalen 

—    Aug.     6 

DumoQchel 

41  weeks. 

0-84517 

+ 

Encke 

1838,  Aug.   14 

Boguslawski 

16  weeks. 

i-oooao 

+ 

Peters,  StruTe 

1839,  l^-      3 

Galle 

10  weeks. 

o'993«3 

— 

Loomis 

1840,  Jan.    35 

GaUe 

9  weeks. 

IX) 

+ 

Petersen 

—    March  6 

GaUe 

3  weeks. 

0-96985 

+ 

Gotze 

—    Oct.     37 

Bremiker 

16  weeks. 

084479 

+ 

Encke 

184a,  Feb.      8 

GaUe 

15  weeks. 

i-o 

— 

Petersen 

—    Oct.     a8 

Laugier 

4  weeks. 

0-99989 

— 

Hubbard 

1843,  Feb.    a8 

Many  obseryers. 

7  weeks. 

1-00017 

+ 

Gotze 

—     May      a 

Mauvais 

a  I  weeks. 

• 

0*5559^ 

+ 

Le  Verrier 

—    Nov.    a  a 

Faye 

ao  weeks. 

198.  Perceptible  to  the  naked  eye,  Jan.  8. 

199.  An  elliptic  orbit ;  period  assigned,  3423  years.  Plantamour>  however,  makes 
it  13,864  years. 

aoo.  Probably  a  return  of  the  comet  of  1097.     It  had  a  tail  5°  long. 

201.  An  elliptic  orbit ;  period  assigned,  344  years,  subject  to  an  uncertainty  of 
about  8  years.    Possibly  a  return  of  the  comet  of  1490. 

20a.  An  apparition  of  Encke* $  comet. 

203.  Small  and  faint. 

304.  One  of  the  finest  comets  of  the  present  century.  It  had  a  tail  60°  long. 
The  orbit  is  remarkable  for  its  small  perihelion  distance.  The  period  assigned  is 
376  years.  This  may  be  a  return  of  the  comet  of  1668,  but  many  others  have 
also  been  supposed  to  be  identical  with  it.  (See  Cooper's  Cometic  Orbitt,  pp. 
162-9.) 

206.  Usually  known  as  Faye's  conut.  It  had  a  very  small  tail.  Period,  7*44 
years. 
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ira 

Na 

Tour. 

PP. 

w 

8 

i 

« 

d. 

h. 

0   / 

0  / 

0  / 

ao7 

(530 

1844  i. 

Sept. 

2 

II 

34a  30 

^3  49 

a  54 

1-1864 

ao8 

17a 

—  ii. 

Oct. 

17 

8 

180  34 

31  39 

4836 

08553 

109 

173 

—  iii. 

Deo. 

13 

16 

296  0 

118  33 

45  36 

0-2512 

lib 

174 

1845  i. 

Jan. 

8 

3 

91  19 

ZZ^  44 

4^  so 

0-9051 

an 

175 

—  U. 

April 

ai 

0 

193  33 

347  ^ 

56  a3 

1*2546 

aia 

(44) 

•  •• 

—  m. 

June 

5 

x6 

36a  2 

337  48 

4841 

0-4016 

ai3 

(105) 

—  iv. 

Aug. 

9  15 

15744 

334  19 

13  7 

0-3381 

a  14 

176 

1846  i. 

Jan. 

aa 

3 

89  6 

III  8 

47  a6 

1-4807 

ai5 

(9^) 

—  ii. 

Feb. 

10 

33 

109  a 

845  54 

"  34 

0-8564 

9l6 

177 

•  •• 

—  m. 

Feb. 

a« 

;  7 

116  a8 

loa  37 

30  57 

0-6500 

ai7 

178 

—  iv. 

March 

5 

12 

90  37 

77  33 

85  6 

0-6637 

ai8 

179 

—  ▼. 

May 

37 

31 

82  3a 

161  18 

57  35 

I '3  76a 

ai9 

180 

—  vL 

June 

I 

5 

340  7 

260  38 

30  a4 

1-5287 

930 

l8z 

*• 

—  Vll. 

June 

5 

13 

i6a  0 

361  51 

39  18 

0-6334 

321 

x8a 

—  viiL 

Oct 

39 

17 

9«  35 

441 

4941 

08306 

922 

183 

1847  i. 

March 

30 

6 

376  3 

31  42 

4839 

0-0425 

223 

184 

•  • 

—  n. 

June 

4 

18 

141  34 

in  56 

79  34 

3-1161 

224 

185 

•  •• 

—  m. 

Aug. 

9 

8 

31  17 

76  43 

3a  38 

14847 

325 

186 

—  iv. 

Aug. 

9 

10 

346  41 

338 17 

83  a7 

1-7671 

226 

187 

V. 

Sept. 

9 

13 

79  " 

309  48 

19  8 

0-4879 

227 

188 

—  vi. 

Nov. 

14 

9 

a74  14 

190  50 

71  53 

0*3291 

238 

189 

1848  i. 

Sept. 

8 

1 

310  34 

211 32 

84  24 

0-3199 

229 

(105) 

•  • 

—  u. 

Nov. 

36 

3 

157  47 

334  aa 

13  8 

03370 

207.  Yiflible  to  the  naked  eye.    An  elliptic  orbit ;  period  assigned,  5*469  years. 
It  has  not  been  observed  tunce.    Possibly  identical  with  the  oomet  of  1678. 

308.  Discovered  by  D'Arrest,  July  9.    Visible  to  the  naked  eye,  Nov.  10.    Period, 
103,050  years,  subject  to  an  uncertainty  of  3090  years. 

309.  First  seen  in  the  southern  hemisphere.    It  had  a  tail  10°  long. 
311.  Discovered  by  Fave,  March  6. 

213.  Discovered  by  Ricbter,  June  6.    A  fine  oomet.    Visible  to  the  naked  eye, 
with  a  tail  3}°  long.     A  return  of  the  comet  of  1596.    Period,  350  years. 

313.  An  apparition  of  Encke^a  comH,    Discovered  by  Di  Vico,  July  9,  and  by 
Coffin,  July  10. 

314.  An  elliptic  orbit;  period  assigned,  3721  years. 

315.  An  apparition  of  Bida*8  wnut.    DlBCovered  by  GaUe,  Nov.  38.    It  was  at 
this  return  that  the  oomet  separated  into  2  parts. 

216.  An  elliptic  orbit ;  period  assigned,  5-58  years. 
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c 

A* 

+ 

OalcnlAtor. 

Diite<tf 
BiBOorery* 

Diaooverer. 

Duntkm 
<tf  Visibility. 

0*61765 

Briinnow 

1844,  Aug.  33 

DiVico 

19  weeks. 

0*99960 

— 

Plantamoar 

—     July    7 

Mauvais 

35  weeks. 

I'O 

+ 

Hind 

—     Dec.  19 

Wilmot 

I  a  weeks. 

i-o 

+ 

Gotse 

—     Dec.  38 

D*Arre8t 

13  weeks. 

1*0 

+ 

Faye 

1845,  Feb.  35 

DiVioo 

9  weeks. 

0-98987 

— 

D'Arrest 

—     June  3 

CoUa 

4  weeks. 

084743 

+ 

Encke 

—     July    4 

Walker 

10  days. 

0*99240 

+ 

Jelinek 

1846,  Jan.  34 

Walker 

14  weeks. 

0*75700 

+ 

1845,  Nov.  36 

Walker 

31  weeks. 

0*79446 

+ 

Hind 

1846,  Feb.  36 

Brorsen 

8  weeks. 

0*96334 

+ 

Peirce 

—     Feb.  30 

DiVico 

ID  weeks. 

i*o 

— 

Argelander 

—     July  29 

DiVico 

II  weeks. 

073133 

— 

G.  H.  Peters 

—     June  36 

0.  H.  Peters 

4  weeks. 

0-98836 

— 

Wicbmann 

—     April  30 

Brorsen 

6  weeks. 

i*o 

+ 

Hind 

—     Sept.  33 

DiVioo 

3  weeks. 

I'O 

+ 

Pogson 

1847,  Feb.    6 

Hind 

IX  weeks. 

I'O 

— 

Von  Littrow 

—     May    7 

GoUa 

30  weeks. 

10 

— 

Schweitzer 

—     Aug.  31 

Schweitzer 

13  weeks. 

I'O 

— 

Yon  Littrow 

—     July    4 

Mauvais 

41  weeks. 

097356 

+ 

D'Arrest 

—     July  30 

Brorsen 

8  weeks. 

I'O 

— 

D'Arreat 

—     Oct.     I 

Miss  Mitchell 

13  weeks. 

10 

— 

Sonntag  and 
Quirling 

1848,  Aug.   7 

Petersen 

3  weeks. 

084783 

+ 

Encke 

—     Aug.  37 

G.  P.  Bond 

13  weeks. 

317.  Discovered  by  G.  P.  Bond,  Feb.  36. 

3 1 8.  Discovered  by  Hind,  3  hours  later. 

319.  Discovered  by  Di  Vico,  July  3.  An  elliptic  orbit ;  period  assigned,  I3*8  years, 
subject  to  an  uncertainty  of  i  year. 

320.  Discovered  by  Wichmann,  May  i.  Visible  to  the  naked  eye,  May  14.  An 
elliptic  orbit ;  period  assigned,  400  years. 

333.  Visible  in  the  daytime.  It  had  a  tail  i}°  long.  The  true  elements  are 
probably  ellipticaL    Homstein  has  throughly  discussed  the  orbit  of  this  comet. 

325.  A  parabolic  orbit  best  satisfies  the  observations. 

326.  Period  assigned,  75  years. 

337.  Discovered  by  Di  Vico,  Oct.  3 ;  by  Dawes,  Oct.  7  ;  and  by  Madame  Rttmker, 
Oct.  II. 

229.  An  apparition  of  EnMs  comet.  Discovered  by  Hind,  Sept.  13.  Perceptible 
to  the  naked  eye,  Oct  6.    On  Nov.  3  it  had  a  tail  more  than  1°  long. 
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No. 

No. 

T6Mr. 

PP. 

w 

8 

« 

2 

—    -  — 

d. 

h. 

0     t 

0   / 

0   / 

330 

190 

1849  i. 

Jan. 

19 

8 

63  II 

315  10 

8s  4 

0-9599 

a3i 

191 

•  • 

—  u. 

May 

36 

II 

«35  43 

303  33 

67  9 

11593 

n* 

193 

•  •• 

—  m. 

Jane 

8 

4 

367  3 

30  3« 

6659 

0*8946 

*3S 

«93 

1850  i. 

July 

«3 

13 

373  34 

93  53 

68  13 

1-0815 

«34 

194 

•  • 

—  u. 

Oct. 

19 

8 

89  30 

306  0 

40  6 

05647 

235 

(171) 

1851  L 

April 

3 

II 

49  43 

309  30 

II  31 

16999 

336 

195 

•  « 

—  u. 

July 

9 

0 

334  10 

149  19 

14  14 

1-1847 

«37 

196 

•  •• 

—  Ul. 

Aug. 

36 

5 

310  58 

333  40 

38  9 

09843 

238 

197 

—  iv. 

Sept. 

30  19 

338  45 

44  38 

74  0 

0*1410 

339 

(105) 

1853  t 

Maich 

14 

18 

157  51 

334  33 

13  7 

03374 

340 

198 

•  • 

—  u. 

April 

19  13 

380  0 

317  8 

48  53 

0*9050 

341 

(93) 

—  iu. 

Sept. 

«3 

I 

109  8 

345  53 

"  33 

08606 

343 

199 

—  iv. 

Oct. 

13 

15 

43  " 

346  13 

4058 

13510 

343 

300 

1853  i. 

Feb. 

«4 

6 

153  «i 

^  49 

30  19 

1*0938 

«44 

30I 

iL 

May 

9 

16 

30I  53 

40  57 

57  44 

09044 

245 

303 

—  m. 

Sept. 

I 

17 

310  58 

140  31 

61  30 

,  03067 

346 

303 

—  iv. 

Oct. 

16 

14 

303  7 

330  4 

61  I 

01735 

347 

204 

1854  i. 

Jan. 

4 

6 

55  57 

337  3 

66  7 

:  I'3003 

1 

148 

305 

•  • 

—  u. 

March 

^4 

0 

313  47 

315  36 

83  33 

0*3770 

349 

(13) 

—  iv. 

June 

33 

3 

373  58 

347  48 

71  8 

0*6475 

350 

306 

—   V. 

Oct. 

37 

9 

94  ao 

334  34 

40  59 

o-8ooi 

330.  A  parabolic  orbit  satisfies  the  observation,  but  a  period  of  383,801  years  has 
been  amigned  ! ! ! 

331.  It  had  a  small  tail. 

333.  Discovered  a  few  hours  later  by  Bond,  and  by  Graham  April  14.     Period, 
8375  years. 

333.  Visible  to  the  naked  eye,  with  a  tail.     Carrington  has  assigned  a  period  of 
about  39,000  years. 

334.  Discovered  by  Brorsen,  Sept.  5  ;  by  Mauvais  and  Robertson,  Sept.  9  ;  and  by 
Clausen,  Sept.  14. 

335.  The  first  predicted  apparition  of  Faye*$  comet. 

336.  Period,  6 '441  years. 

337.  Discovered  by  Schweitzer,  Aag.  3i.    Period  assigned,  5544  years. 

338.  It  had  a  tail  more  than  1°  long,  and  also  a  shorter  one  turned  towards  the  Sun. 
359.  An  apparition  of  Eneke*§  eomei. 

340.  Discovered  by  Petersen,  May  17,  and  by  G.  P.  Bond,  May  19.    It  was  very 
small  and  faint. 

341.  An  apparition  of  Bida^$  comet,    llieoretioal  elements. 
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c 

+ 

GUcnktor. 

Bate  of 
Difloovery. 

Duiation 
ofYidbiUty. 

I'O 

Pogaon 

1848,  Oct.     26 

Petersen 

ao  weeks. 

I'O 

+ 

Goujon 

1849,  April  15 

Goujon 

a4  weeks. 

099783 

+ 

D'ArreBt 

—     April  II 

Sohweitcer 

ao  weeks. 

I'O 

+ 

Villarceau 

1850.  May      I 

Petersen 

17  weekn. 

i-o 

+ 

Beslhtlber 

—     Aug.    39 

6.  P.  Bond 

9  weeks. 

0-55501 

+ 

Le  Verrior 

—    Nov.    a8 

Challia 

14  weeks. 

0*70001 

+ 

D'Airest 

i85i,Jnne    37 

D'Aixest 

I4  weekn. 

0-99685 

+ 

Bronen 

—    Aug.      I 

Brorsen 

8  weeks. 

I'O 

+ 

J.  Breen 

—    Oct.     aa 

Brorsen 

5  weeks. 

084767 

+ 

Encke 

185  a,  Jan.      9 

Hind 

8  weeks. 

I'O 

— 

Sonntag 

—     May    15 

Chaoomao 

3  weeks. 

075625 

+ 

Santini 

—     Aug.  as 

Recchi 

5  weeks. 

0-92475 

+ 

Marth 

—    June    a  7 

Westphal 

24  weeks. 

1-0 

— 

lyAiTest 

1853,  March  6 

Seochi 

3  weeks. 

I-o 

— 

Brahns 

—    April    4 

Schweitzer 

10  weeks. 

I-o 

+ 

D'Arrest 

—    June    10 

Klinkerfues 

4  months. 

I-o 

_ 

Bruhnn 

—     Sept.    1 1 

Bruhns 

II  weeks. 

I-o 

— 

Marth 

—     Nov.    35 

Van  Arsdale 

I  a  weeks. 

I-o 

— 

Homstem 

1 854,  March  a3 

Many  observers 

6  weeks. 

ro 

— 

Bruhns 

—    June     4 

Klinkerfues 

10  weeks. 

I-o 

'  + 

Bruhns 

—     Sept.    II 

Klinkerfues 

II  weeks. 

343.  Discovered  also  by  C.  H.  Peters.    Visible  to  the  naked  eye  early  in  Octobei 
Period,  70  years. 

243.  Discovered  by  Schweitzer  and  C.  W.  Tuttle,  March  8,  and  by  Hartwi| 
March  10.     Elements  resemble  those  of  the  comet  of  1664. 

244.  Visible  to  the  naked  eye  in  the  beginning  of  May,  with  a  tail  3*  long. 

245.  Visible  in  the  daytime,  Aug.  31  to  Sept.  4.     In  the  south  of  Europe,  a  ta: 
15**  long  was  seen. 

346.  Perceptible  to  the  naked  eye  about  the  middle  of  the  month.    Element 
resemble  those  of  the  comet  of  1582. 

247.  Discovered  by  Klinkerfues,  Dec.  a. 

248.  First  seen  in  the  south  of  France,  when  veiy  conspicuous,  with  a  tail  4°  long 
Elements  resemble  those  of  the  comet  of  1799  (^)* 

249.  Discovered  also  by  Van  Arsdale.     At  the  time  of  the  PP  it  was  visible  i 
the  naked  eye.    The  elements  strongly  resemble  those  of  the  comets  of  961  an< 

1558. 

250.  Discovered  also  by  several  other  observers.    Probably  a  return  of  the  come 
of  i«45  (i). 
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No. 

No. 

! 

Tflftr. 

PP 

• 

w 

S 

I 

9 

1 

d.  b. 

0    / 

0   / 

0  ' 

a5i 

207 

1854  vL  i  Dec. 

16  I 

165  5  a 

238  19 

14  10 

13673 

353 

208 

1855  i.  Feb. 

s  17 

226  33 

189  40 

51  12 

1-2195 

353 

(22) 

—  ii.  May 

30  5 

837  3^ 

260  15 

«3  7 

0-5678 

«54 

(105) 

—  iiL  July 

I  5 

157  53 

334  a6 

13  8 

03371 

255 

209 

—  iv. 

Nov. 

as  15 

85  21 

5a  « 

10  16 

1-2248 

356 

210 

1857  i. 

March 

21  8 

74  49 

313  " 

87  57 

0-7721 

257 

(177) 

—  ii. 

March 

29  5 

"5  48 

loi  53 

^9  45 

0-6202 

358 

211 

•  •• 

—  HI. 

July 

17  23 

^49  37 

23  40 

5859 

0-3675 

859 

2x2 

—  iv. 

Aug. 

24  0 

21  46 

200  49 

3«  46 

07427 

360 

213 

—   V. 

Sept. 

30  19  250  21 

14  46 

56  18 

0-5651 

161 

214 

—  vi. 

Nov. 

19  >   44  IS 

139  18 

37  50 

1*1009 

262 

(195) 

•  • 

VIL 

Dec. 

33  0     323  3 

148  27 

13  5^ 

1-1696 

263 

(III) 

1858  I 

Feb. 

23  8 

115  29 

268  54 

54  3« 

1-0274 

364 

(141) 

•  • 

U. 

May 

2  I 

275  38 

"3  3« 

10  48 

0*7689 

1 

265 

"5 

—  iii. 

May 

2  I 

195  4* 

171  3 

23  II 

1*2090 

266 

216 

—  iv. 

June 

5  4 

226  6 

324  21 

80  28 

0-5462 

267 

(171) 

V. 

Sept. 

13  14 

49  49 

309  45 

II  21 

16999 

268 

217 

—  vi. 

Sept. 

29  23 

36  13 

165  19 

63  I 

05784 

1 

269 

218 

•  « 

Vll. 

Oct. 

12  19 

4  13 

,  159  45 

21  16 

1*4270 

270 

(105) 

VIU. 

Oct. 

18  8 

157  57 

334  «8 

1 
1 

13  4 

03407 

271 

219 

1859  ii. 

May 

29  5 

75  9 

357  7 

84  9 

'  0-2020 

272 

220 

i860  i. 

Feb. 

16  17 

173  45 

324  3 

79  35 

i  11973 

1 

251.  Discovered  by  Winnecke  and  Dien,  Jan.  15,  1855. 

253.  Discovered  also  by  Dien  and  Klinkerfiies.  Probably  a  return  of  the  comet 
of  1362  (i).     Period  assigned,  493  years. 

254.  An  apparition  of  Eneke'i  comet, 

255.  Discovered  also  by  Van  Arsdale. 

256.  Discovered  also  by  Van  Arsdale.     Orbit  decidedly  parabolic. 

257.  An  apparition  of  Bror8en*$  comet,  1846  (i). 

259.  Discovered  by  Dien,  July  28,  and  by  Habicht,  July  30.  An  elliptic  orbit ; 
period  assigned,  234  years. 

260.  Faintly  perceptible  to  the  naked  eye,  Sept.  20.  It  had  a  short  talL  Elementa 
resemble  those  of  the  comets  of  1790  (iii)  and  1825  (i).  A  period  of  1618  years  has 
been  assigned  by  Villarceau. 

261.  Discovered  a  few  hours  later  by  Van  Arsdale. 

262.  An  apparition  of  jyArreafa  comet.  Period,  2366  days.  Lind  and  Yillaroeau 
concur  in  dating  the  PP  for  Nov.  28. 
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« 

A* 

+ 

Galcnktor. 

Date  of 
Difloovery. 

Discoverer. 

Duration 
of  Visibility. 

I'O 

Ondemans 

1854,  Dec.  34 

Golla 

16  weeks. 

i-o 

— 

Winnecke 

1855,  April  1 1 

Schweitzer 

5  weeks. 

0*99090 

— 

Donatl 

—     June   3 

Donati 

2  weeks. 

084778 

+ 

Encke 

—     July  13 

Maclear 

5  weeks. 

I'O 

— 

G.  Rttmker 

—     Nov.  11 

Bruhna 

7  weeks. 

I.O 

+ 

Pape 

1857,  Feb.  22 

D' Arrest 

9  weeks. 

o'8oi$o 

+ 

Brahns 

—     Mar.  i8 

Bruhns 

II  weeks. 

i-o 

— 

Pi4>e 

—     June  22 

Klinkerfues 

3  weeks. 

098037 

+ 

MoUer 

—     July  25 

C.  H.  Peters 

5  weeks. 

10 

— 

Bruhns 

—     Aug.  ao 

Klinkerfiiee 

7  weeks. 

i-o 

_ 

Pape 

—     Nov.  10 

Donati 

5  weeks. 

065985 

+ 

Schulze 

—     Dec.    5 

Maclear 

6  weeks. 

0*82961 

+ 

Bruhns 

1858,  Jan.    4 

H.  P.  Tuttle 

9  weeks. 

075467 

+ 

Winnecke 

—     Mar.   8 

Winnecke 

13  weeks. 

10 

+ 

HaU 

—     May    1 

Tuttie 

4  weeks. 

I-o 

_ 

BruhnH 

—     May  ai 

Bruhns 

3  weeks. 

0-55501 

+ 

Bruhns 

—     Sept.  8 

Bruhns 

8  weeks. 

0*99620 

— 

Von  Asten 

—     June   2 

Donati 

7^  months. 

10 

— 

Weiss 

—     Sept.   5 

H.  P.  Tuttle 

8  weeks. 

084639 

+ 

Powalky 

—     Aug.   7 

FSrster 

10  weeks. 

1*0 

— 

HaU 

1859,  April  2 

Tempel 

12  weeks. 

1*0 

+ 

Liais 

i860,  Feb.  26 

Liais 

2  weeks. 

263.  Discovered  by  Bruhns,  Jan.  11.  Probably  a  return  of  the  comet  of  1790  ^i). 
Period  assigned,  I3'6  years. 

264.  An  apparition  of  Pow^$  comet  of  1819  (iii).    Period,  5*549  y^'^'S- 

266.  Elements  resemble  those  of  the  comet  of  1 799  (ii). 

267.  An  apparition  of  Payt*$  comet. 

268.  One  of  the  finest  comets  of  the  present  century.  It  became  visible  to  the 
naked  eye  early  in  September,  and  was  very  conspicuously  seen  in  Europe  for  about 
6  weeks,  when,  owing  to  its  rapid  passage  to  the  southern  hemisphere,  it  became 
lost  to  view.  It  was  seen  at  tne  Cape  of  Good  Hope  till  March  4,  1859.  During 
the  first  week  in  October  it  had  a  tiul  nearly  40**  long.  An  elliptic  orbit ;  period 
assigned,  1879  years. 

270.  An  apparition  of  Encke'i  comet.    It  was  veiy  faint. 

272.  It  does  not  appear  that  this  comet  was  seen  in  Europe.  Liais,  who  observed 
it  in  Brasdl,  states  that  it  had  a  double  nebulosity,  and  conjectures  it  to  be  identical 
with  1845  (ii),  1785  (i),  and  135 1« 
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Hd 

Na 

T«ir. 

PP. 

w 

8 

I 

9 

d. 

h. 

0   / 

0  * 

0  / 

373 

331 

i860  ii. 

March 

5 

17 

50  16 

8  56 

48  13 

1-3083 

»74 

333 

—  iiL 

June 

16 

3 

161  3a 

8440 

79  18 

0*3939 

375 

333 

—  iv. 

Sept. 

38 

7 

III  59 

104  14 

38  14 

0-9537 

376 

334 

1861  L 

Jane 

3 

8 

343  33 

S9  55 

79  45 

0*9307 

a77 

335 

•• 

—  11. 

June 

II 

13 

«49  4 

378  58 

85  36 

0*8333 

378 

336 

—  iiL 

Deo. 

7 

3 

173  30 

145  6 

41  57 

0*8391 

379 

(105) 

1863  L 

Feb. 

6 

4 

158  0 

334  30 

13  5 

0-3399 

a8o 

337 

•  • 

—  u. 

June 

33 

I 

399  30 

336  33 

7  54 

0*9813 

a8i 

338 

—  iil 

Aug. 

33 

33 

344  41 

137  ^ 

66  35 

0*9636 

a8a 

339 

—  iv. 

Deo. 

38 

3 

"5  9 

355  44 

43  33 

0*8035 

283 

330 

1863  i. 

Feb. 

3 

13 

191  33 

116  65 

85  33 

0-7947 

^4 

a3i 

•  • 

—  u. 

April 

4 

33 

H7   15 

351  16 

67  33 

1*0683 

385 

«3a 

—  iU. 

April 

30 

31 

305  47 

350  xo 

85  39 

0*6388 

386 

333 

—  iv. 

Nov. 

9 

13 

94  43 

97  39 

78  5 

0*7066 

387 

("9) 

—   V. 

Deo. 

36 

14 

59  13 

304  57 

63  35 

0*7661 

388 

834 

—  vL 

Deo. 

»9 

4 

183  8 

X05  I 

83  18 

1-3131 

389 

835 

1864  i. 

July 

87 

31 

190  10 

175  " 

44  5^ 

0*6140 

390 

356 

—  11. 

Aug. 

15 

M 

304  13 

95  " 

I  $2 

0*9093 

391 

^37 

—  iiL 

Oot. 

11 

8 

159  30 

31  43 

70  13 

0-9338 

393 

338 

—  iv. 

Dec 

33 

II 

331  43 

«03  13 

48  52 

0*7709 

«93 

«39 

—   V. 

Deo. 

37 

18 

163  33 

340  53 

17  7 

I -"45 

»94 

340 

1865  L 

Jan. 

14 

7 

14X  15 

S53  3 

87  3» 

o*oa6o 

374.  Suddenlv  became  visible  towards  the  end  of  June.    On  the  33nd  it  had  a 
tail  15^  long.     Liain  has  assigned  a  period  of  1089  years. 
375*  Very  faint,  and  only  4  observations  obtained. 

376.  Visible  to  the  naked  eye ;  it  had  a  fidnt  diflEused  tail  3**  long :  an  elliptic 
orbit ;  period  assigned  415*4  years. 

377.  One  of  the  most  magnificent  comets  on  record :  on  July  3  its  tail  was  more 
than  100°  loniyr.    An  elliptic  orbit ;  period  assigned,  419  years. 

379.  An  apparition  of  Bnckt*8  eomei. 

380.  Discovered  b^  Schmidt  and  Tempel  on  July  2  ;  on  July  4  it  had  a  tail  y* 
long,  and  was  then  visible  to  the  naked  eye :  between  July  3rd  and  4th  it  traverseid 
34^  of  a  great  circle. 

3M.  Discovered  by  H.  P.  Tuttle  and  Simmon^  July  18 ;  by  Padnotti,  July  33  ; 
and  by  Rosa,  July  35.     Conspiouously  visible  to  the  naked  eye  for  3  or  3  weeks  in 
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f 

A* 

+ 

CUculator. 

Date<tf 
BisoQfrery. 

DiBOQveror. 

Poration 
of  risibility. 

i-o 

Sealing 

i8do,  April  17 

C.  RUmker 

7  weeks. 

I'O 

+ 

Moesta 

—     June  19 

Several  obeervers 

8  weeks. 

I'O 

- 

Valz 

—     Oct.  2$ 

Tempel 

3  weeks. 

0-98345 

+ 

Oppolzer 

1861,  April  4 

Thatcher 

8  weeks. 

o-9»SS* 

+ 

Seeling 

—     May  13 

Tebbutt 

I  a  months. 

I'O 

— 

Pape 

—     Dec.  a8 

H.  P.  Tuttie 

8  weeks. 

0-84670 

+ 

Powalky 

—     Sept.  a8 

Forster 

1 7  weeks. 

i-o 

— 

Seeling 

1863,  July     I 

Valz 

4  weeks. 

0*96x16 

_ 

Oppolzer 

—     July  15 

Swift 

13  weeks. 

I'O 

— 

Engelmann 

—     Nov.  30 

Bruhns 

3  weeks. 

I-o 

+ 

Engelmann 

—     Nov.  28 

Bespighi 

15  weeks. 

I'O 

— 

Baschkoff 

1863,  April  11 

Klinkeifues 

6  months. 

I-o 

+ 

Frifichauf 

—    April  la 

Bespighi 

5  weeks. 

I-o 

+ 

Oppolzer 

—     Nov.    4 

Tempel 

16  weeks. 

0-94590 

+ 

Weiss 

—     Dec.  a8 

Bespighi 

8  weeks. 

I-o 

+ 

Engelmann 

—     Oct.     9 

Backer 

6  months. 

I-o 

— 

Celoria 

1864,  Sept.   9 

Donati 

4  weeks. 

I-o 

— 

Kowalczyk 

—     July    4 

Tempel 

14  weeks. 

I-o 

— 

Engelmann 

—     July  23 

Donati 

6  months. 

I-o 

+ 

'Hetjen 

—     Dec.  15 

Backer 

7  weeks. 

I-o 

— 

Engelmann 

—     Dec.  30 

Bnihns 

4  weeks. 

I-o 

— 

Tebbatt 

1865,  Jan.  18 

Moesta 

10  weeks.       1 

August — September ;   with  a  tail,  on  Aug.  17,  as  much  as  25°  long,  according  to 
Schmidt.     An  elliptic  orbit ;  period  assigned,  1 23  years. 

286.  Discovered  independently  bv  J.  F.  Schmidt,  Nov.  la.  Visible  to  the  naked  eye 
as  a  star  of  the  4*^  mag.,  with  a  tail  a"  or  more  long. 

287.  Discovered  also  by  Backer,  Jan.  i,  1864.  Visible  to  the  naked  eye,  with  a 
tail  i°  long,  at  the  end  of  January.  Believed  to  be  a  return  of  the  comet  of  18 10, 
and  possibly  identical  with  that  of  1490. 

a88.  Discovered  by  Tempel,  Oct.  14. 

390.  The  same  computer  subsequently  obtained  an  elliptic  orbit  with  a  period 

of  4754  years. 

394.  Seen  only  in  the  southern  hemisphere.     On  Jan.  18   it   had  a  tail   35** 

long. 
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ira 


Na 


<95 


S96 


(171) 


HI 


T«ir. 


1865  iii. 


1866    I 


PP. 


Oct. 


d.    h. 
3  «3 


Jan.       10  17 


o       / 


49  5^ 


60  67 


8 


e         / 


ao9  41 


n^  14 


o       / 
II   92 

17   18 


1-6999 


0-609  a 


995.  An  apparition  of  Pay^9  eomtL 
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0-55753 


0'93o8a 


Galoolfttor. 


MdUer 


Pechyle 


Date  of 
BilOQfyeiy. 


1865,  Aug.  13 


•  —     Deo.  19 


Disooforar. 


Thiele 


Tempel 


Dnntion 
ofYisibmfy. 


17  weeks. 
4  weeks. 


296.  An  elliptio  orbit ;  period  aaBigned,  53  yean. 
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A  SUMMARY  OP  THE  PRECEDING  CATALOGUE  •. 

T^ROM  a  careful  inspection  of  the  Catalogue  just  given  we  obtain 
-'-  certain  results  which  will  be  tabulated  in  the  present 
section. 

It  appears  that  293  comet  apparitions  have  been  subjected  to 
mathematical  investigation^  viz. : — 


Known  elliptic  comets 

19 

Subsequent  returns    .. 

••       54 

Elliptio  orbits  not  yet  verified 

•       37 

Parabolic  comets 

..      178 

Hyperbolic  comets 

5 

«93 

Of  known  elliptic  comets^  we  have  the  following^  as  the  number 
of  the  apparitions  of  each : — 

17  . .  . .  . .         . .  of  Halley 

17  ..  ..         ..  ..  of  Encke 

6  . .  . .  . .  of  Biela 

3  •  •  •  •  of  Faye 

and  1  of  each  of  the  following:— 

961:  1097:  1x31:  1964:  136s  i:  153a:  155^:  1678:  1699  i:  1790  ii:  1790  iii: 
1810:  i8i9iii:  1846  iii:  185 1  iL 

Elliptic  orbits  have  been  assigned  in  the  Catalogue  to  the  fol- 
lowing comets^  but  no  2nd  returns  have  as  yet  taken  place : — 

1680:  1683:  1743  i:  1763:  1766  ii:  1769:  1770  i:  1780  i:  1783:  1793  ii:  1807: 
1811  i:  1811  ii:  1811  i:  1815:  1819  i^*-  '^^^  '^^''  ^^^h  '^^'  1^*7  '^''  1^30  i: 
1840  ii :  1840  iv :  1843  i :  1844  ii :  1846  i:  1846  iv :  1846  vi :  1846  yii :  1847  ^  ' 
1849  iii:  i85iiii:  1853  ir:  1857  ir:  1858  vi:  i86ii:  186 1  ii:  i86j  iii. 


*  This  summary  was  completed  in 
Feb.  1865.  It  does  not  induae  comets 
dUcovered  nhiequenUy  to  No.  v.  of  1864. 


Hie  omission  is  quite  immaterial 
gards  the  general  results. 


as  re- 
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Elliptic  orbits  have  been  assigned  hj  some  compaters  to  the 
following  comets;  but  the  probability  is  not  sufficiently  great  to 
warrant  their  being  indaded  in  the  preceding  list : — 

1585:  1744:  1773:  182611:  1846  viii:  1847!:  1847  iii:  1849!:  1850!:  1857  ▼ : 
i860  iii. 

The  following  are  the  known  hyperbolic  comets : — 

1739:  1771:  1774:  1840!:  184311. 

Hyperbolic  orbits  have  been  assigned  by  some  computers  to  the 
following  comets :  but  the  probability  is  not  sufficiently  great  to 
warrant  their  being  definitely  given  as  such  : — 

1723:  1773:  1779 '•  i8i8  1ii:  i8a6ii:  1843!:  1844  iii:  18451:  184511:  1849111. 

The  following  have  been  supposed  by  some  to  be  identical : — 

1863  ▼  with  1490. 

i860  i  —  1845  n,  1785  i,  and  1351. 

1858  It  —  1799IL 

1857  T  —  1825  i,  and  1790  in. 

1854  It  —  1558. 

185411  —  1799  ii- 

1853  iv  —  158a  U. 

1853 1  —  1664. 

1852 11  —  1819  11. 

1844  i  —  1^78- 

1843  1  —  1668  and  many  othen. 

1840  iv  —  1490. 

1827111  —  17801. 

1 819  iv  —  1743  1. 

1819  iii  —  1766 11. 

1661  —  1532. 


CLASSIFICATION  OF  THE  DIRECTIONS  OF  HELIOCENTRIC  MOTION. 


I. 

Of  the  19  known  elliptic  comets,  there  are,  whose  motion  i 

Direct  ..      13  or  68*7  percent. 


Retrograde  6  or  31*3 

19 


i» 
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II. 
Of  the  37  unverified  elliptic  comets,  there  are,  whose  motion  is — 

Direct 94  or  64*8  per  cent. 

Betrograde  13  or  35*3        ,, 

37 

III. 

Of  the  II  doubtftil  elliptic  comets,  there  are,  whose  motion  is — 

Direct     ..  ..       9  or  8i'8  percent. 

Betrograde  a  or  i8'2        ,, 

II 

IV. 

Of  the  5  known  hyperbolic  comets  all  have  a  direct  motion. 

V. 

Of  the  10  improbable  hyperbolic  comets,  there  are,  whose  mo- 
tion is — 

Direct 7  or  70  percent. 

Retrograde  3  or  30        „ 

10 

VI. 

Then  of  the  remaining  178  comets,  probably  parabolic  (I  here 
include  Classes  lu.  and  v.),  there  are,  whose  motion  is — 

Direct     ..  ..     73  or  41  percent 

Betrograde        ..         ..    191  or  59        „ 
Unknown  ..         ••4 

178 

Combining  Classes  i.  u.  iv.  and  vi.,  we  get — 

Direct  U5  or  48*9  percent. 

Betrograde        ..  ..      lao  or  51*1        ,, 

Unknown  4 

a39 

An  examination  of  the  preceding  shews, — That  with  comets  re^ 
volving  in  elliptic  orbits,  there  is  a  strong  and  decided  tendency  to 
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direct  motion;  the  same  obtains  wit  A  tie  hyperbolic  orbits;  toith  the 
parabolic  orbits,  there  is  a  rather  large  preponderance  the  other  way ; 
and  taking  all  the  calculated  comets  together j  the  numbers  are  too 
nearly  equal  to  afford  any  indication  of  the  existence  of  a  general 
law  governing  the  direction  of  motion. 

CLASSIFICATION  OF  INCLINATIONS. 

Dividing  the  calculated  comets  into  4  dasses,  as  before  given, 
we  shall  find  that  the  inclination  of  the  orbits  of  every  ICK)  are 
distributed  as  follows  ^ : — 


Angle  of 
IndkiatioiL. 

Clus 
I. 

Claaa 
11. 

Claaa 
IV. 

Clus 
VI. 

TotaL 

0 
0 — 10 

a  =  10-5 

4=10-8 

o*o 

13=  75 

19-  8-1 

10—20 

6«3i-5 

1=  a-7 

1  =  20-0 

11=  6-4 

19=  8-1 

20—30 

2  =  10-5 

a-  5*4 

o-o 

17=  9-8 

31=  9-0 

30—40 

3  =  10-5 

6  =  i6-a 

0-0 

13=  7*5 

31=    9*0 

40—50 

o«  o*o 

6si6'a 

o-o 

31  =  17-9 

37*158 

50—60 

1  =  10-5 

6«i6-a. 

3=40-0 

20=11-5 

30=13-8 

60—70 

3  =  10-5 

5«i3-8 

0-0 

31  =  13-1 

38  =  13*0 

70 — 80 

3=15-8 

4=10-8 

I  =:  20-0 

24=13-8 

32  =  13-3 

80—90 

0—    O'O 

3-  81 

I  =  30-0 

«3  =  13*3 

27«"'5 

19  :  99-8 

37  :  loo-a 

5  :  loo-o 

173:99-8 

334  :  99-5 

An  examination  of  the  i"^  column  shews  this  fact : — 

That  there  is  a  decided  tendency  in  the  periodic  comets  to  revolve  in 

orbits  hut  little  inclined  to  the  eclvotic,  and  therefore  a  low  inclination 

is  an  eminently  favourable  indication  of  aperiodic  comet. 

Combining  the  4  classes,  we  find : — A  decided  disposition  in  the 

orbits  to  congregate  in  and  around  a  plane  inclined  yf  to  the 

ecliptic. 

^  Class  VI.  is  reduced  by  some  comets  of  indetenninate  inclination ;  hence  the 
number  173. 
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CLASSIFICATION  OF  THE  POSITIONS  OF  THE  PERIHELIA  AND 

NODAL  POINTS. 

Taking  the  longitudes  of  the  perihelia  and  of  the  ascending 
nodes  of  209  comets  (deducting  8  not  certainly  determined),  we 
shall  find  that  in  every  100  they  are  distributed  as  follows : — 


w 

Q 

0—  30 

7-6 

7-6 

30—  60 

9"o 

lO'O 

60—  90 

iS-o 

IO-5 

90—1  ao 

9*9 

80 

lao— 150 

8*o 

8^ 

150—180 

4a 

8-5 

180— a  10 

6-6 

IO-5 

310—340 

8-8 

9*6 

a40^a7o 

9*9 

ri 

870—300 

II-4 

4*3 

3<»— 330 

8-5 

9*6 

330—360 

a -8 

57 

997 

99*4             1 

An  examination  of  the  2°^  column  shews, — TiaC  there  ie  an 
evident  tendency  in  the  perihelia  to  crowd  together  in  2  opposite 
regions,  between  60® — 120°  and  240® — 300**.  A  uniform  distribu- 
tion would  give  i6*6  perihelia  to  every  arc  of  60**.  Now,  in  the 
!■*  case,  we  have  29*9,  or  38  per  cent,  above  the  mean;  and  in  the 
2"*,  21*3,  or  29  per  cent,  above  the  mean.  A  further  examination 
will  shew  that  the  regions  between  150** — 180**  and  330* — 360**  are 
correspondingly  poor. 

From  the  3'*  column  it  appears : — That  there  is  an  evident,  though 
less  marked,  tendency  in  the  diodes  to  come  together  in  2  regions  {not, 
however,  in  this  case  exactly  opposite)  between  30** — 90**  and  iSo** — 
240**.  A  uniform  distribution  would  give  i6'6  nodes  to  every  arc 
of  60*.  Now,  in  the  !■*  case  we  have  20-5,  or  23  per  cent,  above  the 
mean;  and  in  the  2°*,  20* i,  or  20  per  cent,  above  the  mean.  With 
the  nodes  the  poor  region  seems  to  be  between  270** — 300®. 
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Withm  a  radius  of  91,430,000  miles  from  the  Sun 

Between  91,430,000—182,860,000 
182,860,000^374,390,000 
a  74, 290,000— 365 ,7  20,000    . . 
365,720,000—45  7, 150,000    . . 

Beyond  457,150,000 


*» 


** 


t» 


178  or  74'5  per  cent. 
55  or  23-0 
5  or   2*1 

0  or   0*0 

1  or   0*4 
o  or   o'O 


»• 


»« 


ft 


tt 
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CLASSIFICATION  OF  THE  PERIHELION  PASSAGES  ACCORDING 

TO  THE  MONTHS  OF  THE  YEAR. 

Of  the  292  known  perihelion  passages  there  occurred  in  :— 

H 

22 

n 
20 

19 

z8 

a; 

31 
27 


January 

February 

March 

April 

May  .. 

June  . . 

July  .. 

August 

September 

October 

November     . . 

December 

292 


The  monthly  avera^  is  therefore  24.'^.  April,  September,  Oc- 
tober, November  and  December,  are  above  the  mean ;  all  the  others 
below.  The  minimum  is  in  August,  which  only  exhibits  18  o,  or 
33  per  cent,  below  the  average — a  circumstance  doubtless  due  to 
the  long  days  and  short  nights  which  more  or  less  prevail  during 
the  summer  months.  The  quick  rise  in  September  is  probably  due 
less  to  the  lengthening  of  the  nights  (and  consequent  increased 
opportunities  for  observation)  than  to  the  excellence  of  that  month 
for  astronomical  purposes.  The  advantages  afforded  by  the  long 
winter  nights  are  more  or  less  neutralized  by  the  firequent  incle- 
ment weather.  Thus  it  happens  that  all  the  winter  months 
(December  excepted)  are  below  the  average. 
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CHAPTER   VII. 

A  CATALOGUE  OF  COMETS  RECORDED,  BUT  NOT  WITH  SUFFICIENT 
PRECISION  TO  ENABLE  THEIR  ORBITS  TO  BE  CALCULATED ». 

TN  the  present  day  it  rarely  liappens  that  a  comet  becomes 
•*■  visible  without  its  being  observed,  at  any  rate,  soflScientlj 
long  for  some  approximation  to  the  elements  of  its  orbit  to  be 
deduced.  Such  however  was  not  the  case  in  olden  times.  Ob- 
servers were  few,  and  till  the  17th  century  observatories  and 
instruments  can  scarcely  be  said  to  have  existed  at  all.  For  what- 
ever information  we  possess  we  are  therefore  dependent  on  the 
writings  of  the  historians  and  chroniclers,  which  seldom  contain 
more  than  bare  statements,  with  few  or  no  details. 

The  first  who  made  any  systematic  attempt  to  put  together  the 
various  allusions  to  comets  which  occur  in  the  old  writers  was  the 
French  astronomer  Pingr^,  who  in  1783  published  his  celebrated 
ComStographie ;  ou  Traite  hUtorique  et  lAeoretique  des  Cametes,  This 
work,  which  for  the  industry  and  labour  bestowed  upon  it  has  few 
equals,  has  been  the  astronomers'  text-book  on  the  subject  of 
cometary  history  from  the  period  of  its  publication  down  to  the 
present  day :  it  never  has  been  superseded,  and  is  never  likely  to 
be,  though  supplementary  matter  has  of  course  been  accumulated. 
E.  Biot,  working  firom  Chinese  sources,  has  followed  up  Fingr^  with 
great  industry.  The  present  catalogue  is  based  upon  that  of  Ping^, 
and  includes  recent  results,  especially  those  elaborated  in  a  valuable 
catalogue  commenced  by  Mr.  Hind  in  the  Companion  to  the  Alma* 
nac,    but    remaining    unfinished.       Brevity    being    an    essential 

*  I  should  be  glad  to  receive  informa-  nals,  whether  published  or  in  MS.,  of 

tion  calculated  to  render  this  chapter  modem    traYeUera    and    others,    would 

more   complete.     I  cannot  but  beliCYe  bring  to  light  many  more  comets  than 

that  a  diligent  search  through  the  jour-  those  catalogued  in  this  volume. 
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pre-requisite,  I  have  been  obliged  to  omit  much  that  was  carious 
and  interesting^  confining  my  attention  chiefly  to  necessary  facts 
and  figures,  with  references  only  to  the  most  important  authorities. 

The  Chinese  observations,  to  which  such  constant  reference  is 
made,  were  originally  made  known  in  Europe  by  MM.  Couplet, 
Graubil,  and  De  Mailla,  Jesuit  priests  at  Pekin,  early  in  the  1 8th 
century,  who  made  very  good  use  of  their  opportunities  of  bene- 
fitting science.  De  Mailla's  MSS.  were  published  at  Paris  in  the 
last  century,  but  those  of  Gaubil  and  Couplet  remain  in  their  origi- 
nal form.  E.  Biot,  some  20  years  ago,  published  in  the  Connaissance 
des  Temps  a  translation  of  some  valuable  Chinese  catalogues  of 
comets**,  which  have  been  duly  consulted  j  and  it  is  not  improbable 
that  as  our  intercourse  with  that  remarkable  people  becomes  greater, 
further  sources  of  information  may  be  opened  to  us. 

Biot  gives  2  supplementary  catalogues  of  ^^  extraordinary  stars.'^ 
These  are  distinct  in  the  originals  from  the  comets  strictly  so  called ; 
but  as  there  is  little  doubt  that  many  of  these  objects  were  genuine 
comets,  though  not  treated  as  such  by  the  Chinese,  they  are 
inserted  in  this  catalogue,  an  asterisk  (*)  being  appended  either  to 
the  year  or  M.  Biot's  name.  If  any  of  these  "  extraordinary  stars'' 
were  not  comets,  it  may  perhaps  be  assumed  that  they  were  what 
we  call  temporary  stars.  Anyhow,  it  is  on  the  safe  side  to  insert 
all  of  them. 

It  may  be  well  to  add  that  very  great  uncertainty  hangs  over 
the  earlier  comets,  and  to  some  extent  too  over  all,  more  especially 
as  regards  the  positions  in  which  they  were  seen  and  the  duration 
of  their  visibility. 

The  Chinese  constellations  are  very  much  more  numerous  than 
ours,  and  where  several  Greek  letters  precede  a  Latin  genitive  case, 
it  is  to  be  understood  that  the  Chinese  place  the  comet  in  the 
group  formed  of  those  stars  without  specifying  that  it  was  in 
juxta-position  with  any  one  star  in  particular. 

The  Chinese  reckon  by  moons,  and  as  it  rarely  happens  that  the 
whole  of  a  lunation  is  comprised  in  a  single  Julian  month,  it  is 
requisite  in  many  cases  to  couple  2  months  together,  thus^ 
May — June,  which  means  that  the  comet  appeared  in  the  '  moon' 

»>  1846,  pp.  44-84. 
A  a 
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which  began  on  (say)  May  i8^  and  therefore  ended  on  June  15. 
In  cases  where  the  precise  day  of  the  lunation  is  recorded^  the 
exact  Julian  day  can  of  course  be  deduced,  and  the  expedient  of 
coupling  together  %  months  is  superseded. 

One  tchang  equals  10^  ;  one  che  equals  i^. 


B.C.  1770.  ± 

[i.]  St.  Augustine  has  preserved  the  following  extract  from  Varro : — 
"  There  was  seen  a  wonderful  prodigy  in  the  heavens  worthy  to  be  com- 
pared with  the  brilliant  star  Venus,  which  Plautus  and  Homer,  each  in 
his  own  language,  call  the  *  Evening  Star.'  Castor  avers  that  this  fine 
star  changed  colour,  size,  figure,  and  path  :  that  it  was  never  seen  before, 
and  has  never  been  seen  since.  Adrastus  of  Cyzicus  and  Dion  the 
Neapolitan  refer  the  appearance  of  this  great  prodigy  to  the  reign  of 
Ogyges." — {De  CivUcUe,  xxL  8.)  This  description,  such  as  it  is,  may  be 
presumed  to  be  that  of  a  comet,  but  no  further  particulars  have  been 

preserved. 

1194.1 

[2.]  We  are  told  by  Hyginus,  a  contemporary  of  Ovid,  that  "  on  the 
fall  of  Troy,  Electra,  one  of  the  Pleiads,  quitted  the  company  of  her 
6  sisters,  and  passed  along  the  heavens  toward  the  Arctic  Pole,  where 
she  remained  visible  in  tears  and  with  dishevelled  hair,  to  which  the 
name  of  *  comet'  is  applied."—  (Fr^ret,  Acad,  dss  InscripticnSy  x.  357-) 
What  we  are  to  understand  by  this  is  doubtful,  but  the  account  may 
relate  to  a  comet  which  passed  from  Taurus  to  the  North  Pole. 

9751 
[3.]  "  The  Egyptians  and  the  iEthiopians  felt  the  dire  effects  of  this 
comet,  to  which  Typhon,  who  reigned  then,  gave  his  name.  It  appeared 
all  on  fire,  and  was  twisted  in  the  form  of  a  spiral,  and  had  a  hideous 
aspect ;  it  was  not  so  much  a  star  as  a  knot  of  fire."— (Pliny,  Hist  NcU.j 
iL  23.)     Date  very  uncertain. 

619  or  618. 

[4.]  "  We  shall  see  in  the  W.  a  star  such  as  is  called  a  comet ;  it 
will  announce  to  men  war,  famine,  and  the  death  of  several  distinguished 
leaders." — {SyhUL  Orac,  iii.)  Though  given  as  a  prophecy,  Pingre  says 
he  feels  justified  in  citing  this  passage  as  a  historical  record.  He  thinks 
moreover  that  the  prophet  Jeremiah  may  refer  to  a  comet,  and  possibly 
this  comet,  in  Jer.  i. 
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612. 

[5.]  In  August — September  a  comet  appeared  among  the  7  stars  of 
Ursa  Major. — (Confucius,  Tchun-taieau,  quoted  by  Ma-tuoan-lin.) 

633- ± 
[6.]     At  the  winter  solstice  a  comet  appeared  in  the  Western  part  of 
Aquarius,  or  the  tail  of  Capricomus. — (Gaubil).    Ma-tuoan-lin  gives,  from 
Confucius,   531   as  the  date,  and  the   position  <r,  a,  r  Scorpii.     Pingr^ 
regards  the  description  as  applying  to  one  and  the  same  comet. 

524— 523- 
[7.]     In  the  winter  a  comet  passed  from  Scorpio  to  the  Milky  Way. — 
(Gaubil ;  De  Mailla,  Histoire  GSnerale  de  la  Chine^  ii  193.) 

481. 

[8.]  A  comet  appeared  at  the  end  of  the  year  in  the  K  part  of  the 
heavens.  Its  length  was  2°,  and  it  reached  from  the  star  TngQ)  to 
a  Scorpii. — (Gaubil;  Ma-tuoan-lin;  De  Mailla,  ii.  222.) 

479- 
[9.]     At  the  time  of  the  battle  of  Salamis  a  comet  in  the  shape  of  a 
horn  was  visible. — (Pliny,  Hist  NoL,  ii.  23.) 

465.  ± 
[10.]  During  a  period  of  75  days  an  extraordinary  object  appeared 
in  the  sky,  according  to  the  testimony  of  several  writers. — (Damachus ; 
Pliny,  HUL  Nat,  ii.  59  ;  Diogenes  Laertius,  In  Anaocagor,)  A  comet 
may  be  referred  to,  but  an  Aurora  Borealis  would  seem  best  to  reconcile 
the  various  European  statements.  Ma-tuoan-lin  speaks  of  a  comet  in 
466,  which  Pingr^  considers  identical  with  the  "  extraordinary  object"  of 
the  European  writers  visible  in  January  or  February  465. 

432. 
[11.]     It  is  certain  that  a  comet  appeared  in  this  year. — (Couplet ;  De 
Mailla,  ii.  244  ;  Ma-tuoan-lin.) 

426  or  402. 

[12.]  At  the  time  of  the  winter  solstice,  during  the  archonship  of 
Euclides,  at  Athens,  a  comet  appeared  near  the  North  Pole. — (Aristot., 
Meteor.,  i.  6.)  There  were  2  archons  of  this  name,  so  it  b  impossible  to 
fix  the  year  of  this  comet's  apparition. 

A  a  2 
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360. 

[13.]  A  comet  was  seen  in  China  and  Japan  in  the  W. — (Couplet; 
De  Mailla,  ii.  267  ;  Kaempfer,  Histoire  du  Japan,  iL) 

345  0). 

[14.]  A  comet  in  the  form  of  a  mane  was  seen,  which  was  afterwards 
changed  into  that  of  a  spear. — (Pliny,  Hist  Nat.,  ii.  22.)  Date  very 
uncertain ;  Pliny  gives  the  double  date  of  the  Olympiad  and  A.  U.  C, 
which  do  not  correspond,  so  one  or  the  other  must  be  wrong.  345  above 
is  from  Pingr^. 

344. 

[15.]  ''  On  the  departure  of  the  expedition  of  Timoleon  from  Corinth 
for  Sicily  the  gods  announced  his  success  and  future  greatness  by  an 
extraordinary  prodigy.  A  burning  torch  appeared  in  the  heavens  for  an 
entire  night, '  and  went  before  the  fleet  to  Sicily.** — (Diodorus  Sicnlus, 
Bibliothecas  Historicas,  xvi.  11;  Plutarch,  Vita  Timoleon.)  Pingr^  re- 
marks that  it  is  easy  to  see  that  the  comet  appeared  in  the  W.,  and  had 
a  considerable  N.  declination. 

340. 
[16.]     A  comet  was  seen  for  a  few  days  near  the  equinoctial  circle. 
— (Aristotle,  Meteor.,  i.  7.) 

304. 

[17.]     A  comet  was  seen  in  China.— (Ma-tuoan-lin ;    De  Mailla,  ii. 

306.) 

302. 

[18.]  A  comet  was  seen  in  China. — (Ma-tuoan-lin ;  De  Mailla,  ii.  306.) 
The  Chinese  annalist  expressly  says  that  there  were  2  comets  in  2  years. 

295- 
[19.]     A  comet  was  seen  in  China. — (Ma-tuoan-lin.) 

239- 
[20.]     A  comet  was  seen  in  China.     It  came  from  the  E.,  and  passed 
by  the   N.,  and  in  the  5th  month  (June— July)  it  was  seen  during 
16  days  in  the  W. — (Ma-tuoan-lin.) 

237- 
[21.]     In  the  9th  year  of  Chi-hoang-ti  a  star  appeared  in  the  horizon. 
In  May  it  was  seen  in  the  W. ;  it  appeared  then  in  the  N. ;  and  took  80 
days  to  go  from  Sagittarius  to  the  S. — (Ma-tuoan-lin.) 
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233- 

[22.]    A  comet  was  seen  in  China  in  February — March  in  the  R — 

(Ma-tuoan-lin.) 

213. 

[23.]  A  brilliant  star  was  seen  in  China  to  come  from  the  W. — 
(Ma-tuoan-lin ;  De  Mailla,  ii.  399.)     Probably  a  comet 

203. 

[24.]  A  torch  extended  from  E.  to  W.  for  10  days  in  Aug. — Sept. 
It  appeared  near  Arcturus. — (Julius  Obsequens,  Prodigiorum,  supplement 
by  Lycosthenes ;  Ma-tuoan-lin.) 

202. 

[25.]  A  burning  torch  was  seen  in  the  heavens. — (Julius  Obsequens, 
Frodig,,  suppl.) 

171. 

[26.]  A  large  comet  with  a  tail  was  seen  in  China  at  the  end  of  the 
summer. — (Couplet ;  De  Mailla,  ii  554.) 

168. 

[27.]  A  torch  was  seen  in  the  heavens. — (Julius  Obsequens,  Frodig.j 
suppl. ;  Livy,  Histarict,  V.  xliii.  3.) 

166. 

[28.]     A  burning  torch  was  seen  in  the  heavens. — (Julius  Obsequens, 

Frodig.y  suppl.) 

165. 

[29.]  A  torch  was  seen  in  the  heavens. — (Julius  Obsequens,  Frodig., 
suppl.)  We  are  further  told  that  at  one  place  the  Sun  was  seen  for  several 
hours  in  the  night,  so  that  if  this  object  was  a  comet  it  must  have  been 
an  extremely  brilliant  one. 

156. 

[30.]  In  October  (end  of )  a  comet  10®  long  appeared  in  the  W.  It 
was  visible  for  21  days,  and  traversed  Aquarius  and  Equuleus  to  the 
neck  of  Pegasus. — (Ma-tuoan-lin ;  De  Mailla,  ii.  568.) 

154  (i). 
[31.]     A  comet  came  from  the  S.  W.  in  January. — (Ma-tuoan-lin ;  De 
Mailla,  ii.  569.) 

154  Oi). 
[32.]     In  September  a  comet  appeared  in  the  N.  E. — (De  Mailla, 
ii.  569.) 
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153- 

[33«1     I^  February  a  comet  appeared  in  the  W. — (De  Mailli^  ii.  57  '•) 

147. 
[34.]     A  comet  appeared  in  May  in  the  N.W.,  and  lasted  2  or  3  weeks. 
It  had  the  same  R  A.  as  Orion. — (Ma-tuoan-lin  ;  De  Mailla,  ii.  584.) 

146. 
[35.]  «  After  the  death  of  Demetrius  king  of  Syria,  the  father  of  Deme- 
trius and  Antiochus,  a  little  before  the  war  in  Achaia,  there  appeared  a 
comet  as  large  as  the  Sun.  Its  disc  was  at  first  red,  and  like  fire,  spreading 
sufficient  light  to  dissipate  the  darkness  of  night ;  after  a  little  its  size 
diminished,  its  brilliancy  became  weakened,  and  at  length  it  entirely 
disappeared.'* — (Seneca,  QiuBst,  Nat,,  vii.  15.)  It  lasted  32  days.— (Julius 
Obsequens,  Prodig.  Liber.) 

137  (»)• 
"  In  the  reign  of  Attala  a  comet  was  seen  which,  small  at  first,  after- 
wards became  much  larger.  It  reached  the  equinoctial  circle,  and  equalled 
in  length  that  part  of  the  heavens  which  is  called  the  Milky  Way.** — 
(Seneca,  QucmL  NcU,,  vii.  15.)  It  appeared  in  March — ^April,  in  the 
lower  part  of  Hydra,  and  passed  through  Leo — Virgo  into  the  circum- 
polar  regions,  arriving  at  length  at  the  Milky  Way.— (Ma-tuoan-lin.) 

i37(»)- 
[36.]     A  comet  appeared  2  months  after  the  preceding;   it   passed 
from  6y  €  Herculis  to  a,  c ,  f  Lyrse. — (Ma-tuoan-lin.) 

137  ("0- 
[37.]  A  comet  was  seen  in  the  autumn  in  the  N.W. — (Ma-tuoan-lin  ; 
De  Mailla,  iii.  9.)  The  preceding  3  comets  may  in  reality  have  been  but 
one  and  the  same ;  one  of  them,  or  else  one  of  the  two  following,  is  the 
comet  which  appears  in  the  other  catalogue  under  the  date  of  136.  So  I 
drop  one  in  the  progressive  numbers  of  this  catalogue. 

134. 
[38.]  At  the  birth  of  Mithridates  a  comet  appeared  and  lasted  70  days ; 
the  heavens  appeared  all  on  fire ;  the  comet  occupied  the  fourth  part  of 
the  sky,  and  its  brilliancy  was  superior  to  that  of  the  Sun ;  it  took  4  hours 
to  rise  and  4  to  set — (Justinus,  2>e  llistoricis  Philippicisy  xxxviL  2.) 
There  is  very  great  uncertainty  about  this  comet  of  Mithridates,  but 
Pingre,  aft«r  weighing  Ma-tuoan-lin's  account,  considers  that  134  was 
certainly  the  year.     He  also  says  that  probably  it  appeared  in  the  W.  in 
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the  middle  of  July ;  before  the  end  of  August  it  would  have  been  lost  for 
a  few  days  in  the  Sun's  rays,  when  probably  the  PP  took  place ;  it 
would  then  have  re-appeared  with  increased  brilliancy  early  in  September 
in  the  K  (for  30  days  ]),  and  so  have  passed  away  from  the  Sun.— (Cowi^t 
L  270,  578.) 

133* 
[39.]     In  July  an  extraordinary  star  in  ^,  ir,  p  Scorpii. — (Biot.)     Pro- 
bably identical  with  the  preceding. 

127. 

[40.]     A  burning  torch  appeared  in  the  heavens.— (Julius  Obsequens, 

Prodig.,  suppl.) 

119. 

[41.]     In  China  a  comet  was  seen  in  the  E. — (De  Mailla,  iii.  46.) 

118. 

[42.]  When  Mithridates  ascended  the  throne  there  appeared  during 
70  days  a  comet  exactly  resembling  that  which  was  seen  at  the  birth  of 
that  monarch. — (Justinus,  De  ffistoricis  Fhilippida,  xxxvii.)  It  oame 
from  the  N.  W.  in  May. — (Ma-tuoan-lin.) 

109  (i). 

[43.]     In  June  a  comet  was  seen  in  the  feet  of  Gkmini.^-*(Ma-tuoan-Un  ; 

De  Mailla,  iii.  61.) 

109  (ii). 

[44.]  This  comet  appeared  contemporaneously  with  the  preceding :  it 
was  in  Ursa  Major,  near  «,  X,  f. — (Ma-tuoan-lin  ;  De  Mailla,  iii.  61.) 

108. 

[45.]  A  comet  appeared  in  the  region  lying  between  Procyon  (a  Canis 
Minoris)  and  a  and  ^  Qeminorum. — (Ma-tuoan-lin.) 

102.  ± 
[46.]     A  comet  was  seen  in  China  near  y  Bootis. — (Ma-tuoan-lin.) 

93- 
[47.]     A  torch  appeared  in  the  heavens. — (Julius  Obsequens,  Prodig.) 

91. 
[48.]     A  torch  appeared  in  the  heavens. — (Julius  Obsequens,  Prodig,) 

86. 

[49.]  In  the  autumn  a  comet  was  seen  in  the  E. — (De  Mailla,  iii.  98  ; 
Pliny,  Iliat  Nat,,  ii.  23.)     Pliny's  is  merely  an  incidental  notice.     He 
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says  that  comets  foretell  bloodshed,  and  gives  as  an  instance  the  one  which 
i^peared  during  the  consulate  of  Octavius. 

83- 
[50.]     In  the  spring  a  comet  was  seen  in  the  N.W. — (De  Mailla, 
lu.  10 1.) 

[51.]  In  October  an  extraordinary  star  appeared  between  a  and 
d  UrssB  Majoris. — (Biot.) 

75. 
[52.]  *'  In  the  consulate  of  On.  Octavius  and  C.  Scribonius  a  spark 
was  seen  to  fall  from  a  star ;  it  grew  larger  as  it  approached  the  Earth, 
and  became  equal  in  size  to  the  Moon,  and  gave  as  much  light  as  the  Sun 
gives  during  the  daytime  when  the  sky  is  entirely  covered.  On  returning 
into  the  heavens  it  took  the  form  of  a  lampas  [torch,  one  of  Plin/s  names 
for  a  class  of  comets]." — (Pliny,  Hist  NcA,^  ii.  35.)  The  above  is  a  rather 
obscure  explanation,  but  a  comet  fairly  meets  it  in  Pingr^'s  estimation. 

62. 

[S3*]  A  burning  beam  stretched  from  the  western  horizon  to  the  zenith. 
— (Julius  Obsequens,  Frodig,)  Torches  ran  from  the  W.  to  the  middle 
of  the  sky. — (Dion  Cassius,  Hist  Roman.,  xxxvii.)  A  comet  appeared  in 
the  E.  in  the  6th  moon. — (De  Mailla,  iii.  136.)  Dion  Cassius's  allusion 
is  very  doubtful ;  and  whatever  may  really  have  been  the  date  of  the 
burning  beam,  it  is  believed  that  De  Mailla^s  comet  must  be  referred 
to  61,  his  dates  invariably  being  i  year  behind. 

55. 
[54.]     A  torch  appeared  which  advanced  from  the  S.  to  the  N.~(Dion 
Cassius,  Hist.  Roman,,  xxxix.) 

[55.]  A  torch  appeared,  which  passed  from  the  S.  to  the  £. — (Dion 
Cassius,  Hist,  Roman,,  xl.) 

48. 

[56.]  During  the  war  between  Ciesar  and  Pompey  "a  comet,  that 
terrible  star  which  upsets  the  powers  of  the  Earth,  shewed  its  portentous 
hair." — (Lucan,  Fharsalia,  i.  526.)  In  the  3rd  moon  a  comet  was  seen 
near  fi  Cassiopeiae ;  passing  by  i  in  that  constellation,  it  became  lost  in  the 
circumpolar  regions.— (De  Mailla,  iii.  155.)  In  March  an  extraordinary 
star  shewed  itself  about  9®  to  the  N.  E.  of  a,  ft  y,  ly  Cassiopeiae :  it  was 
lo""  long,  and  pointed  to  the  W.     It  passed  by  y,  (,  o,  n  Cassiopeiie,  and 
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went  towards  the  "  blue  palace"  [circle  of  perpetual  apparition  at  34^ 
lat.  N.]— (Biot) 

47.* 
[57.]     In  May  an  extraordinary  star,  as  large  as  a.  scourge,  was  seen  : 
it  was  4°  or  so  to  the  E.  of  gi  Sagittarii. — (Biot.) 

46.* 

[58.]  In  June  an  extraordinary  star  was  seen  in  the  division  of  the 
Pleiades,  5°  E.  of  p  Persei.     Its  tail  was  ^°  long. — (Biot.) 

43  (i). 
[59.]     In  May — June  a  comet  was  seen  in  China,  whose  R  A.  was  the 
same  as  that  of  Orion. — (De  Mailla,  iiL  162.)     It  came  from  the  N.  W., 
and  its  tail,  which  was  8  che  long,  pointed  to  the  N.  E. — (Ma-tuoan-lin.) 

43  (ii)- 
[60.]  A  hairy  star  was  seen  for  7  days  under  the  Great  Bear  during 
the  celebration  of  the  games  g^ven  by  the  emperor  Augustus  in  honour  of 
Venus.  It  rose  at  about  5  in  the  evening,  was  very  brilliant,  and  was 
seen  in  all  parts  of  the  EartL  The  common  people  supposed  that  the 
star  indicated  the  admission  of  the  soul  of  Julius  Caesar  into  the  ranks  of 
the  immortal  gods. — (Suetonius,  Vita  JtUii  Casaaris.)  It  was  visible  there- 
fore from  Sept  23  to  Sept  29.  Dion  Cassius  says,  that,  in  addition  to 
the  comet,  which  appeared  contemporaneously  with  the  emperor's  games, 
there  was  seen  a  burning  torch,  which  traversed  the  heavens  from  E. 
to  W. ;  and  also  an  unknown  star,  which  shone  for  many  days. — (Hist. 
Roman,  xlv.  17.)  Pingr6  thinks  that  the  former  was  simply  a  meteor, 
but  that  the  latter  was  the  object  seen  in  China,  and  there  recorded  as  a 
comet — (Comet  I  278.) 

42  and  41. 

[61.]  Previous  to  the  battle  of  Philippi  comets  appeared. — (Virgil, 
Georffica,  L  488 ;  Manilius,  Astronamiconf  L  904.)  Perhaps  a  comet  in 
each  year. 

31- 
[62.]     A  torch  appeared  for  several  days. — (Dion  Cassius,  Hist.  Ro- 
man,y  1.)     In  February  a  comet  60°  or  70**  long  was  seen  in  Pegasus. — 
(De  Mailla,  iiL  178  ;  Ma-tuoan-lin.) 

29. 
[63.]     Before  Egypt  submitted  to  Augustus  there  appeared  comets. — 
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(Dion  CaasiuB,  Hist  Bofnan.y  IL)    Lubienitzki  (a  modern  writer)  says  that 
a  comet  appeared  for  95  dajs  in  Libra,  but  he  g^ves  no  authority. 

4- 
[64.]     At  the  vernal  equinox  a  comet  appeared  for  70  days  in  the 
head  of  Capricomua — (De  Mailla,  iiL  214.) 

3  B.C. 

[65.]  In  April  or  May  a  comet  appeared  near  o  Aquilie,  to  the  N.  of 
Capricomu& — (De  Mailla,  iii.  214.)  Possibly  the  same  as  the  preceding, 
but  one  year  wrong  in  the  date. 

10  A.D. 

[66.]  Several  comets  visible  at  the  same  time. — (Manilius,  AHrano- 
mican,  i ;  Dion  Cassius,  Hist,  Roman,,  IvL  24.)  Some  modem  oometogra- 
phers  state  that  a  comet  appeared  in  Aries  for  32  days. — (LubienitzkL) 

14. 
[67.]     Hairy  stars  of  the  colour  of  blood. — (Dion  Cassius,  Hist,  Ro- 
man.f  Ivi  29.)    A  comet  was  seen  in  dhina  for  20  dajs,  either  at  the  end 
of  13  or  the  beginning  of  14. — (De  Mailla,  iii  240.) 

19. 
[68.]     A  comet  was  seen  in  China. — (Couplet) 

22. 

[69.]  In  December  a  comet  was  seen  for  5  day&  It  was  in  Hydra, 
and  moved  in  a  S.  E.  direction. — (De  Mailla,  iiL  251  ;  Ma-tuoan-lin.) 

39- 

[70.]  On  March  13  a  comet  became  visible  in  the  Pleiades ;  it  moved 
in  a  N.W.  direction  towards  a,  ^  and  X,  fi  Pegasi,  and  remained  in  sight 
for  40  days. — (De  Mailla,  iii.  326  ;  Ma-tuoan-lin.) 

54. 
[71.]  In  the  autumn  (?)  a  comet  appeared  for  a  long  time.  It  was 
first  seen  in  the  N. ;  it  moved  to  the  zenith,  and  thence  eastwards,  and 
day  by  day  diminished  in  brilliancy. — (Dion  Cassius,  Hist  Roman.,  Ix.  35  ; 
Suetonius,  Vita  Clatidu.)  It  appeared  in  the  circumpolar  regions. — (De 
Mailla,  iiL  345.) 

55. 
[72.]     In  November  a  comet  appeared  which  remained  visible  for 
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1 6  weeks,  or  till  March  56.  When  first  seen  it  was  2°  long,  and  was 
then  moving  towards  the  S.  W.  It  disappeared  on  March  26,  6°  N.E. 
of  y,  b,  rj,  6  CancrL — (Gaubil ;  Biot*) 

60. 

[73.]  On  Aug.  9  a  comet,  with  a  tail  2°  long,  appeared  to  the  N. 
of »?,  y,  a,  d  PerseL  It  remained  visible  for  19  weeks,  and,  passing  south- 
ward, disappeared  S.  of  the  feet  of  Virgo. — (Tacitus,  AnnaleSy  xiv.  22  ; 
De  Mailla,  iiL  352  ;  Ma-tuoan-lin.) 

61. 

[74.]  On  Sept  27  a  strange  star  was  detected  to  the  N.  W.  of 
p,  d  Bootis,  with  a  tail  pointing  towards  Corona  Borealis.  After  17  days 
it  quitted  this  position,  but  we  are  not  told  whither  it  went. — (Ma-tuoan- 
lin  ;  Biot  \*  Seneca,  QucMt.  Nat.,  vii  28.)  It  is  uncertain  whether  the 
comet  seen  in  China  is  the  same  as  that  spoken  of  by  Seneca. 

64  (i). 

[75.]  On  May  3  an  extraordinary  star,  with  a^  vapour  2°  long,  was 
seen  to  the  S.  of  ly  Virginis  \  it  lasted  11  weeks. — (Gkiubil ;  Biot*) 

64  (ii). 

[76.]  At  the  end  of  the  year,  in  the  reign  of  Nero,  a  comet  appeared 
for  6  months.  It  passed  from  the  N.  through  the  W.  to  the  S. — (Seneca, 
Qiuest.  Nat.,  vii.  21,  29  ;  Tac.,  Ann.,  xv.  47  ;  Suetonius,  Vita  Neronis.) 

65. 

[77.]  On  July  29  a  great  star  was  observed  near  d  and  17  Hydras ; 
it  approached  near  a  and  y  Leonis,  and  passing  a,  y,  d  Persei  arrived  in 
the  vicinity  of  ^  Leonis.  The  vapour  extended  to  i  and  k  Ursae  Majoris  ; 
it  remained  visible  8  weeks. — (Ma-tuoan-lin.) 

69. 

[78.]  Sometime  between  April  and  December  a  comet  appeared. 
— (Dion  Cassius,  Hist.  /?oma?i.,*lxv.  8.)  Possibly  this  may  be  the  object 
referred  to  by  Josephus  as  having  been  seen  suspended  over  Jerusalem 
before  its  destruction  by  Titus. — {Bella  Judceorum,  vi.  5.) 

70. 
[79.]     In  December  70  or  January  71  a  strange  star  appeared  in 
«>  y>  *>  ly  C  Leonis  for  7  weeks. — (Gkiubil ;  Biot*) 

71. 
[80.]     On  March  6  a  comet  appeared  in  the  division  of  the  Pleiades  ; 
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after  8  weeks  it  was  seen  to  the  right  of  the  head  of  Leo,  and  then 
▼anished. — (Gaubil;  Biot*) 

76- 
[8i.]     On  July  14  a  comet  was  discovered  in  Hydra;  its  tail  was 
3^  long.     Moving  to  the  S.  of  Coma  Berenicis  it  passed  to  the  vicinity  of 
/SLeonis. — (De  Mailla,  iiL  375.) 

76. 

[82.]  On  Sept  7  a  comet,  with  a  tail  2^  or  3°  long,  was  seen  between 
a  Herculis  and  a  Ophiuchi,  whence  it  passed  to  Capricomns.  It  remained 
visible  for  6  weeks,  and  travelled  slowly. — (De  Mailla,  iiL  376 ;  Ma- 
tuoan-lin ;  Pliny,  UiH.  Nat,,  iL  22.) 

77. 
[83.]     On  Jan.  18  a  comet,  with  a  tail  8°  or  9^  long,  appeared  in  the 
R  A.  of  Aries,  whence  it  moved  to  the  tail  of  Draco.     It  renuiined  visible 
for  15  weeks. — (Ma-tuoan-lin  ;  OaubiL) 

79- 
[84.]     In  the  spring  (])  a  comet  was  visible  for  a  long  time  during  the 
illness  of  Vespasian. — (Dion  Cassius,  Hist.  Roman.,  Ixvi  17  ;  Suetonius, 
Vita  Veapasiani.) 

84.* 

[85.]  On  June  4  an  extraordinary  star,  3^  long,  appeared  in  the 
morning  in  the  Eastern  heavens.  Its  R  A.  was  8°  greater  than  that  of 
fi'  Scoq)ii.  It  traversed  v,  (,  o,  n  Cassiopeise  into  the  circle  of  perpetual 
apparition,  remaining  visible  for  6  weeks. —(Biot) 

lOI.* 

[86.]     On  Dea  30  a  small  star  appeared  in  the  head  of  Leo. — (Biot) 

As  no  mention  is  made  of  any  change  of  position,  it  may  have  been 

merely  a  temporary  star. — (Hind,   Companion  to  the  Almanac,  1859, 

p.  I  2.) 

104.* 

[87.]  On  June  10  a  new  star  appeared  in  the  circumpolar  regions ;  it 
passed  to  the  Pleiades,  and  vanished  in  the  next  moon.—- (Biot) 

107.* 

[88.]  On  Sept  13  a  strange  star  appeared  to  the  N.  W.  of  d,  c,  tf  Canis 
Majoris. — (Biot) 

io8.» 
[89.]     On  July  25  an  extraordinary  star  appeared  in  Ursa  Major,  with 
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a  tail  2°  long,  which  extended  in  a  S.  W.  direction  towards  le  and  i  of  that 
constellation. — (Biot ) 

no. 

[90.]  In  January  a  comet  rose  to  the  S.  W.  of  y  and  C  EridanL  It 
had  a  bluish  tail,  6°  or  7°  long,  pointing  to  the  N.  E.,  in  which  direction 
it  moved. — (Ma-tuoan-lin.) 

115. 

[91.]  On  Nov.  16  an  extraordinary  star  appeared  in  the  W.  On  the 
2 1  St  it  was  to  the  S.  of  fi  and  a  Aquarii,  and  afterwards  moved  to  Musca 
and  the  Pleiades. — (Biot*)  Gaubil  erroneously  refers  this  comet  to  117. 
— (Hind,  Companion  to  the  Almanac,  1859,  P*  ^^0  Pingre,  following 
Gaubil,  reads  "  /3  Aquarii  and  a  Equulel" 

123.* 

[92.]  In  December — January  an  extraordinary  star  was  seen  in  the 
region  near  a  Herculis  and  a  Ophiuchi. — (Biot) 

132. 

[93.]  On  January  29  a  strange  star,  with  a  tail  2"  long,  pointing  towards 
the  S.  W.,  was  observed.  Its  R  A.  was  6°  greater  than  that  of  /3  Capricomi ; 
it  was  also  seen  near  d,  X,  ^  Sagittarii,  and  moved  near  0  Aquarii, 
a  Equulei,  and  a  Aquarii,  towards  c  and  B  Pegasi — (Ma-tuoan-lin ;  Biot*) 
This  comet  was  seen  in  Europe  in  the  time  of  Adrian,  whose  courtiers 
told  him  that  the  soul  of  Antinoiis  had  been  changed  into  a  new  star. — 
(Dion  Cassius,  Hist,  Boman.y  Ixix.) 

133* 
[94.]     On  February  8  an  extraordinary  star,  with  a  vapour  50°  long 
and  2°  broad,  was  seen  to  the  S.  W.  of  y,  d  &c.  EridanL — (Biot) 

149. 

[95.]  On  Oct  19  a  comet,  with  a  tail  5°  long,  was  observed  in  the 
head  of  Hercules;  it  was  only  seen  for  4  days. — (De  Mailla,  iii  441.) 
Gaubil  dates  its  appearance  for  148,  and  Ma-tuoan-lin  for  147. 

161  (i). 
[96.]     In  February — March  a  comet  was  seen  near  a  Scorpii. — (De 
Mailla,  iiL  459.) 

161  (ii). 

[97.]  On  June  14  an  extraordinary  star  appeared  in  the  R  A.  of 
a  Pegasi.      It   remained   nearly  stationary   for   some    time,   and   then 
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retrograded ;  and  when  it  reached  the  R  A.  of  14^^  it  threw  out  a 
5**  long. — (Ma-tuoan-lin.) 

180  (i). 

[98.]  In  Aug. — Sept.  a  comet  was  discovered  near  i,  k,  X,  /i,  v,  {  Ursae 
Majoris.  It  moved  E.  to  the  tail  of  Leo,  and  disappeared  in  3  weeka — 
(Ma-tuoan-lin.) 

180  (ii). 

[99.]  Another  comet  was  visible  in  180,  in  the  winter,  for  a  or  3 
months.  It  came  from  the  K  of  Sinus,  and  moved  towards  «,  v,  X  Hj-dne, 
where  it  vanished. — (De  Mailla,  iiL  506  ;  Ma-tuoan-lin.) 

182  (i). 

[100.]  In  February,  March,  or  April,  a  comet  was  seen  near  h  An- 
dromediB.  It  tended  towards  the  E.,  and  entered  the  circle  of  perpetual 
apparition,  but  left  it  again  after  3  days.  It  was  visible  for  nearly 
9  weeks. — (Ma-tuoan-lin.) 

182  (ii).* 

[loi .]  On  June  30  an  extraordinary  star  appeared  in  Corona  Borealis  ; 
it  moved  to  the  S.  W.  to  a  Herculis  and  a  OphiuchL  It  disappeared  in 
the  division  of  y?  Scorpii. — (Biot) 

182  (iii). 

[102.]  In  August — September  a  comet  appeared  near  1  and  ic  Ursae 
Majoris,  which  was  also  seen  in  the  vicinity  of  /3  Leonis. — (De  Mailla« 
iii.  507  ;  Ma-tuoan-lin.) 

188. 

[103.]     A  comet  was  observed  in  March — April. — (De  Mailla,  iii.  520.) 

190.  + 

[104.]  During  the  reign  of  Commodus  a  hairy  star  was  seen. — 
(^lius  Lampridius ;  Herodianus,  HistorUe,  i.)  No  more  exact  date  can 
be  assigned. 

192. 

[105.]  In  September — October  (or  October — November)  a  grand 
comet  100°  long  was  seen  to  the  S.  of  a,  «,  X  Virginis. — (Ma-tuoan-lin.) 

193- 
[106.]     In  November — December  a  comet  was  seen  near  a  and  f  Vir- 
ginis, moving  towards  the  N.  E.    On  arriving  in  the  re^on  near  a  Herculis 
and  a  Ophiuchi  it  disappeared.  —  (Ma-tuoan-lin.)    Another  authority  places 
it  near  a  Herculis,  &c.  at  its  discovery. — (De  Mailla,  iii.  363.) 
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200. 

[107.]  On  Nov.  6  a  comet  was  observed  near  d  Serpentis. — (De 
Mailla,  iv.  35  ;  Ma-tuoan-lin.) 

204. 

[108.]     In  November — December  a  comet  appeared  in  Gemini,  which 

passed  by  6,  y,  b  Cancri,  a,  y  Leonis,  to  the  region  lying  around  fi  Leonia 

— (De  Mailla,  iv.  40 ;  Ma-tuoan-lin ;  Dion  Cassius,  Hiat.  Baman,,  Ixxv. 

16.) 

206. 

[109.]  In  February  a  comet  was  observed  in  the  square  of  Ursa 
Major  :  the  tail  extended  over  the  whole  of  the  circle  of  perpetual  appa- 
rition :  it  reached  to  Ursa  Minor. — (De  Mailla,  iv.  43  ;  Ma-tuoan-lin.) 

207. 

[no.]  On  Nov.  10  a  comet  appeared  in  Leo. — (Ma-tuoan-lin;  Cou- 
plet)    De  Mailla  assigns  this  comet  to  the  previous  year. — (Hist  Ghh. 

iv.  45) 

213. 

[in.]     In  January — February  a  comet  appeared  near  6,  v,  ^  Gemi- 

nonim. — (De  Mailla,  iv.  63.) 

222. 

[112.]     On  Nov.  4  a  new  star  was  observed  between  /9  Virginis  and 

or  Leonia — (GaubiL)     It  is  uncertain  whether  this  was  a  comet  or  a 

temporary  star.     Either  will  accord  with  the  description.     Between  17  and 

y  Virginis. — (Biot.*) 

225. 

[113.]  On  Dec.  9  a  comet  was  discovered  near  m  Leonis;  it  passed 
by  a,  y  Leonia — (Ma-tuoan-lin.) 

232. 

[114.]     On  Dec  4  a  comet  was  seen  near  a  Leonia     It  approached 

/3  Leonia — (Ma-tuoan-lin.) 

236  (i). 

[115.]  On  Nov.  30  a  comet,  with  a  tail  3°  long,  was  seen  near 
a  Scorpii ;  on  Dec.  i  it  (or  another  comet)  was  seen  in  the  E. — (Ma- 
tuoan-lin  ;  Gaubil.) 

236  (ii). 

[116.]  On  Dec  15  a  comet  was  seen;  it  approached  c,/Ophiuchi 
and  6,  (  Herculia — (Ma-tuoan-lin  ;  Gaubil.) 

238  (i)- 
[117.]     In  September  a  comet,  with  a  tail  3°  long,  was  discovered  in 
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Hydra  aod  Crater ;  it  moved  eastwards,  and  disappeared  in  6  weeks. — 

(Qaubil ;  Ma-tuoan-lin.) 

238  (U). 

[118.]  An  extraordinary  star  was  yisible  from  Nov.  29  to  Dea  15. 
On  the  former  day  it  was  between  ir  Cygni,  k  Andromedas,  and  X,  fi  or 
r,  V  Pegasi.  It  seems  to  have  passed  by  the  W.  of  the  tail  of  Aqmla 
(Dec.  10)  to  near  y  Ophiuchl — (Qaubil ;  Biot*) 

246- 

[119.]  On  Sept  18  a  comet,  with  a  tail  a"*  long,  appeared  in  the 
sidereal  division  of  a  Hydrse ;  it  moved  towards  the  division  of  v  Hydm, 
and  remained  visible  for  3  weeks.^-(Qaubil ;  Ma-tuoan-lin.) 

247. 

[120.]  On  Jan.  16  a  comet,  with  a  tail  i^  long,  was  observed: 
it  had  the  same  R  A  as  Corvus,  and  was  visible  for  8  weeka — (Ma- 
tuoan-lin.) 

248  0). 

[121.]  In  April — May  a  comet  was  seen  in  the  Pleiades.  Its  tul  was 
6°  long,  and  extended  towards  the  S.  W. — (Ma-tuoan-lin.) 

248  (ii). 

[122.]  In  August  a  comet  appeared  in  the  sidereal  division  of  Crater  ; 
it  moved  towards  that  of  y  Corvi.  The  tail  was  2°  long,  and  it  remained 
visible  for  6  weeks. — (Ma-tuoan-lin.) 

251. 

[123.]  On  Dec  21  a  comet  appeared  between  a  and  0  Pegasi.  It 
moved  westwards,  and  disappeared  after  13  weeks. —  (Ma-tuoan-lin.) 

252. 

[124.]  On  March  25  a  comet  was  observed  in  Musca,  with  a  tail 
50^  or  60°  stretching  towards  the  S.  It  afterwards  passed  between  the 
cross  of  Orion  (d,  c,  &c.),  and  was  seen  for  3  weeks.— (Qaubil;  Ma- 
tuoan-lin.) 

263- 

[125.]  In  December  a  comet  appeared  near  Virginis,  y,  d,  c  Corvi, 
and  near  /3  Leonis.  The  tail  pointed  to  the  S.  W.,  and  was  50°  long.  It 
remained  visible  for  6  months. — (Ma-tuoan-lin.)  Hind  remarks  that 
probably  the  comet's  motion  was  retrog^rade,  and  that  therefore  it  receded 
from  the  Sun*s  place  towards  the  W. ;  also  that  its  path  was  no  doubt 
more  extensive  than  Ma-tuoan-lin  has  set  down. — (Compamon  to  the 
Almanac,  1859,  P-  ^9-) 
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254. 

[126.]  In  December  a  vapour  emerged  from  near  d  SagittariL  Its 
length  is  stated  to  have  been  very  great. — (Ma-tuoan-Un.)  Pingr^  seems 
to  doubt  whether  this  was  a  comet  or  not 

255. 
[127.]     In  January — February  a  comet  was  seen  in  the  N.W.  near  the 
horizon. — (Ma-tuoan-lin.) 

257. 
[128.]     In   November — December  or   December  —  January  a  white 
comet  was  seen  near  a  Virginia — (Ma-tuoan-lin.) 

269* 
[129.]     In  November — December  an  extraordinary  star  was  seen  near 
P  Leonis.     It  moved  towards  the  S.W.,  traversed  the  division  of  y  Corvi, 
and  disappeared  in  a  week. — (Biot) 

262. 

[130.]     On  Dec  2  a  comet,  with  a  tail  55°  long,   appeared  near 

#c,  i  Virginis.     It  moved  towards  the  N.,  and  was  visible  for  6  week& — 

(Gaubil)     Ma-tuoan-lin   says   that  its  tail  was  only  5  tsun  (^  of  a 

degree  1)  long. 

265. 

[131.]  In  June  a  comet  was  seen  near  a,  /3, 17  CassiopeiaB.  Its  tail 
was  10°  long,  and  pointed  to  the  S.  E.,  and  after  12  days  it  disappeared. 
— (Ma-tuoan-lin.) 

268. 

[132.]  On  Feb.  18  a  comet  was  seen  in  Corvua  It  advanced  to  the 
N.  W.,  and  subsequently  turned  towards  the  E.  (Ma-tuoan-lin) ;  which 
remark  probably  has  reference  only  to  the  tail — (Hind.) 

269. 

[133.]  In  October — November  a  comet  was  seen  within  the  circle  of 
perpetual  apparition. — (De  Mailla,  iv.  148.) 

275. 

[134.]     In  January — February  a  comet  was  discovered  in  Corvua — 

(Ma-tuoan-lin.) 

276. 

[135.]  A  comet  was  visible  from  June  23  to  September.  It  moved 
from  near  a  Librse,  by  a  Bootis  to  p  Leonis,  and  attained  to  x  Hydrse,  the 
square  of  Ursa  Major  and  i,  ic,  X,  /a  Ursffi  Majoris. — (Ma-tuoan-lin.)    Hind 

Bb 
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saggesta  that  instead  of  reading  the  jprmp  of  x  H3rdne  we  should  read  the 
Mereal  division  of  the  same,  in  which  case  the  several  divisions  may  fairly 
be  considered  as  applying  to  the  motion  of  the  head  (which  was  therrfcHne 
retrograde)  and  the  direction  of  the  tail  of  one  comet,  though  Ma-taoaa-lin 
states  that  there  were  three,  "  If  Ma-tuoan-lin  had  been  more  precise  in 
his  dates,  we  might  have  approximated  to  the  elements  of  the  real  orbii." 
— (Compcmion  to  the  Almanac,  1859,  p.  aa) 

277(1). 
[136.]     Ma-tuoan-lin  says  that  in  January — ^February  there  was  a 
comet  in  the  W.,  and  in  April — May  another  in  Musca,  which  two  are 
probably  identical. — (Hind,  Companion  to  the  Almanac^  1859,  P*  ^o-) 

211  (ii). 
[137.]  Ma-tuoan-lin  states  that  in  May — June  there  was  a  comet 
near  n  Leonis,  and  another  in  June — July  in  the  W. ;  whilst  De  Mailla 
(iv.  162)  speaks  of  a  third  within  the  circle  of  perpetual  apparition  in 
August — September.  Hind  thinks  that  these  three  may  easily  have  been 
but  one. — {Companion  to  the  Almanac,  1859,  p.  ao.)  Pingr^  points  out 
that  the  New  Moon  fell  nearly  at  the  time  of  the  equinox,  a  circumstance 
which  may  have  produced  an  error  of  one  month  in  the  Chinese  dates. 

278. 

[138.]  In  May — June  a  very  large  coAet  appeared  in  QeminL  It 
lasted  till  the  end  of  the  year,  or  for  8  months  (1). — (Ma-tuoan-lin  ; 
Gaubil.) 

279. 

[139.]  In  April  a  comet  near  d,  a-  Hydrse;  in  May  another  (1  the 
same)  near  n  Leonis.  In  July — August  it  was  within  the  circle  of  per- 
petual apparition. —  (Ma-tuoan-lin.) 

281  (i). 

[140.]  In  September  a  comet  appeared  near  r,  v,  X  Hydrap. — 
(Ma-tuoan-lin.) 

281  (ii). 

[141.]  In  December  a  comet  appeared  near  y  Leonis. — (Ma-tuoan- 
lin.)  This  might  l>e  the  same  as  the  preceding,  and  Hind  appears  to 
favour  this  view  of  the  matter. 

283. 
[142.]     On  April  aa  a  comet  was  seen  in  the  S.  W. — (Ma-tuoan-lin.) 
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287. 

[143.]  A  comet  appeared  near  /i  Sagittarii  for  10  days.  Its  tail  was 
10  tchang  (100°  X)  long. — (Ma-tuoan-lin.)     No  month  given. 

290. 

[144.]  In  May  a  strange  star  was  observed  within  the  circumpolar 
regions. — (Ma-tuoan-lin.)  Whether  a  comet  or  only  a  temporary  star, 
is  uncertain. 

301  (i). 

[145.]  In  January  a  comet  emerged  to  the  W.  of  fi  Capricomi,  with 
a  tail  pointing  towards  the  W. — (Ma-tuoan-lin.) 

301  (ii). 

[146.]  In  April — May  a  comet  was  seen  near  either  »  Capricomi  or 
no  Herculi& — (Ma-tuoan-lin.) 

302. 

[147.]  In  May — June  a  comet  was  visible  in  the  morning. — (Ma- 
tuoan-lin.) 

303. 

[148.]  In  April  a  comet  was  seen  in  the  eastern  heavens,  pointing 
towards  i,  ic,  X,  /i  Urs«  Majori& — (Ma-tuoan-lin.) 

304* 
[149.]     In  May — June  an  extraordinary  star  in  the  Hyades. — (Biot) 

305  (i). 
[150.]     In  September — October  a  comet  was  seen  in  the  Pleiades. — 

(Ma-tuoan-lin.)  Under  the  same  date  De  Mailla  places  a  comet  near 
the  Pole. — {Hist.  Gen,  iv.  248.)  This  is  probably  the  comet  of  Ma- 
tuoan-lin,  if  we  suppose  him  to  speak  of  the  constdUxtion  of  the  Pleiades 
in  mistake  /or  the  sidereal  division  of  the  same. — (Hind.) 

305  (»)• 
[151.]     On  Nov.  22  a  comet  was  seen  in  the  square  of  Ursa  Major. 
— (Ma-tuoan-lin.)     Hind  identifies  this  with  the  preceding,  but  not  so 
Pingr^. 

329- 
[152.]     In  August — September  a  comet  appeared  in  the  N.  W.     It 
approached  very  near  to  <^,  d  Sagittarii,  and  was  visible  for  3  weeks. — 
(Ma-tuoan-lin.) 

336. 

[153*]    ^^  F^^  16  in  the  evening  a  comet  was  seen  in  the  W.  near 

B  b  2 
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(  AndromedflB ;  it  was  also  seen  near  a,  A  y  Arietis. — (De  Mailla,  iv.  349.) 
In  Europe  a  comet  of  extraordinary  magnitude  was  seen  for  seyeral  days  a 
year  or  more  before  the  death  of  Constantine,  which  happened  on  May  22^ 
337. — (Eutropius,  Historia  EomanOy  x.  8.)  Pingr^  and  Hind  agree  in 
considering  these  2  comets  as  one,  in  which  case  possibly  it  was  visible 
for  2  or  3  month& 

340. 
[154.]     On  March  25  a  comet  was  seen  in  the  vicinity  of  fi  Leonia. 
— (Ma-tuoan-lin  ;  De  Mailla,  iv.  363.) 

343- 
[155-]     On  Dec  9  a  comet  was  seen ;  its  R  A.  exceeded  that  of  m  Vir- 
ginis  by  7°. — (Gaubil) 

350. 

[156.]  On  Jan.  7  a  comet,  with  a  tail  10°  long,  and  extending  west- 
wards, was  discovered  near  k  Yirginis. — (Gaubil ;  Ma-tuoan-lin.) 

368. 
[157.]     On  July  12  a  comet  appeared. — (Ma-tuoan-lin.)    No  position 
is  given. 

3^3- 
[158.]     In  August — September  a  comet  appeared  near  a  and  k  Virgi- 
nia ;  it  subsequently  passed  to  near  a  Herculis  and  a  OphiuchL — (De  Mailla, 
iv.  413.)     During  the  reign  of  Jovian,  or  towards  the  end  of  the  year, 
comets  are  said  to  have  been  visible  in  the  daytime. — (Ammianus  Marcel- 

linus,  Rerum  Gestarum,  xxv.) 

369.* 

[159.]  From  the  2nd  to  the  7th  moon  an  extraordinary  star  was 
visible  in  the  western  boundary  of  the  circle  of  perpetual  apparition. 
The  2nd  moon  commenced  about  March  25 ;  the  7th  about  Aug.  20. — 
(Biot) 

373  (i). 

[160.]  On  March  9  a  comet  appeared.  It  traversed  the  following 
sidereal  divisions,  i.  e.  its  R  A.  successively  coincided  with  the  following 
stars  : — c  Aquarii,  a  Librae,  ic  Virginis,  a  Virginis,  y  Corvi,  a  Crateris,  and 
V  Hydrse. — (Ma-tuoan-lin.)  It  is  not  impossible  however  that  the  comet 
traversed  the  above  canstdkUiona,  in  which  case  the  inclination  of  its  orbit 
must  have  been  very  small 

373  (ii). 

[161.]  On  Oct  24  a  comet  appeared  near  a  Herculis  and  a  Ophiuchi. 
— (Ma-tuoan-lin.)  Hind  thinks  that  this  was  probably  Haller/'s  comet, 
which  may  have  arrived  at  perihelion  during  the  first  week  of  November. 
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374- 
[162.]  In  January — February  a  comet  was  visible  near  y^  Scorpii  and 
y  SagittariL — (De  Mailla,  iv.  437  ;  Ma-tuoan-lin.)  This  position  would 
also  apply  to  Halle/s  comet  at  this  epoch,  so  that  it  is  uncertain  whether 
this  comet  or  the  preceding  one  was  that  body.—  (Hind.)  Hind  appears 
to  give  the  preference  to  the  latter.  Compare  his  memoir  in  Month, 
Not.  R.  A.  S.,  vol  X.  p.  57. 

375. 
[163.]     A  few  days  before  the  death  of  Valentinian,  which  occurred 
on  Nov.   17,  comets  were  observed. — (Ammianus  Marcellinus,  Rerwn 
Gesta/rum,  xxx.) 

386.* 

[164.]     Between  April  and  July  a  strange  star  was  seen  in  X,  /a,  <^  Sa- 
gittariL— (Biot;  GaubiL) 

389. 
[165.]  In  August  (probably)  a  splendid  comet  appeared.  It  rose  in  the 
N.,  at  the  hour  of  cock-crowing.  Resembling  the  morning  star,  it  burned 
rather  than  shone,  and  ceased  to  exist  in  4  weeks. — (Marcellinus,  Chro- 
nicon,)  It  appeared  in  the  zodiacal  region,  but  moving  apparently  on 
the  left  of  the  spectators,  and  rising  and  setting  with  the  morning  star, 
it  gradually  advanced  to  Ursa  Major  and  Minor.  It  lasted  for  about 
6  weeks,  and  vanished  near  the  centre  of  the  former  constellation. — 
(Philostorgius,  Epitome  Historice  Ecdesictsticcc,  x.  9 ;  Nicephoras,  HistO' 
ria  Ecclesiastical  xii.  37.) 

390- 
[166.]  On  Aug.  22  a  comet  was  seen  near  a  and  /3  Gkminorum.  Passing 
the  vicinity  of  /3  Leonis,  i,  ic,  X,  ^,  and  <^  Ursse  Majoris,  it  entered  the 
"  square  "  of  that  constellation ;  on  Sept  1 7  it  arrived  within  the  circle 
of  perpetual  apparition :  its  tail  was  100°  long. — (Ma-tuoan-lin.)  It 
lasted  4  week& — (Marcellinus,  Chronicon.)  It  is  certain  that  2  large 
comets  appeared  in  2  successive  years,  and  what  is  equally  remarkable, 
that  they  both  followed  nearly  the  same  path  from  the  zodiac  to  the 
Pole ;  the  first  seen,  or  at  least  recorded,  only  in  Europe ;  the  latter 
seen  both  in  Europe  and  China.  Marcellinus  distinctly  records  tux) 
comets. 

392. 
[167.]     A  comet  appeared. — (Couplet) 

393* 
[168.]     Between  March  and  October  a  strange  star  appeared  in  the 
division  of  fi*  Scorpii. — (Biot) 
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395- 

[169.]  A  great  comet  appeared  in  August,  which  moTed  from  c  Sagit- 
tarii  towards  fi  Aquarii  and  a  EquuleL — (De  Mailla,  iv.  496.) 

400. 

[i  70.]  On  March  19  a  comet,  30®  long,  appeared  in  the  sidereal  division 
B  Andromedse.  It  rose  to  «,  v,  (  Cassiopeiae,  and  stopped  to  the  W.  of 
the  circle  of  perpetual  apparition  ;  it  entered  the  square  of  Ursa  Major, 
and  arrived  near  y,  (,  X,  fi,  i,  ic  In  the  next  moon  (commencing  April  11) 
it  passed  by  fi  Leonis  to  fi  and  ti  Yirginis. — (Ma-tuoan-lin.)  Qaubil  adds 
that  the  comet  passed  very  near  x  Ursse  Majoris.  The  most  terrible 
comet  on  record.  Its  form  was  that  of  a  sword. — (Socrates  Scholasticos, 
ffistaria  Ecdencuticcty  vi  6.) 

401. 

[171.]     In  January  a  comet  appeared   near  d  CygnL — (De  Mailla, 

iv.  67.) 

402. 

[172.]  In  November — December  an  extraordinary  star  appeared  to  the 
W.  of  the  region  lying  around  fi  Leonis ;  two  moons  later  it  was  nearer 
that  star. — (Biot"*")  "  It  first  appeared  in  the  K  towards  that  part  of 
the  heavens  where  Cepheus  and  Cassiopeia  shine.  Passing  then  a  little 
beyond  the  Great  Bear,  it  overpowered  by  [the  brilliancy  of]  its  wander- 
ing hair  the  beauty  of  the  stars  of  that  constellation,  till  at  length  it 
languished,  and  finally  dissipated  itself  in  a  very  feeble  flame."^-(Clau- 
dian,  De  Bdlo  GeHco,  xxvi.  228  6/  seq,) 

415  or  416  (i  and  ii). 

[173-]  O^  June  24  two  comets  were  observed  near  a  Herculis  and 
a  Ophiuchi ;  passing  by  the  former  star  they  stopped  to  the  N.  of  ir  and 
a  Scorpii. — (Ma-tuoan-lin.)  Probably  this  route  applies  to  only  one  of 
the  comets.  From  another  Chinese  Chronicle  it  appears  that  on  June 
18,  416,  two  comets  were  visible.  It  is  most  unlikely  that  in  2  oon- 
secutive  years  in  the  same  moon  and  on  the  same  day  of  the  moon 
[Chinese  reckoning]  2  pairs  of  comets  should  have  appeared,  so  (as 
Pingr6  suggests)  probably  there  was  only  i  pair,  one  or  the  other  of  the 
2  historians  having  accelerated  or  retarded  their  appearance  by  one  year. 

418  (i). 

[174.]  On  June  24  a  comet  was  discovered  in  the  middle  of  the 
square  of  Ursa  Major. — (Ma-tuoan-lin.)  "Cette  comdte  diff^re  neces- 
sairement  de  la  suivante." — (Pingr6.) 
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4i8(ii).  — 

[175.]  "  On  July  19,  towards  the  8th  hour  of  the  day,  the  Sun  was  so 
eclipsed  that  even  the  stars  were  visible.  But  at  the  same  time  that  the  Sun 
was  thus  hid,  a  light,  in  the  form  of  a  cone,  was  seen  in  the  sky ;  some 
ignorant  people  called  it  a  comet,  but  in  this  light  we  saw  nothing  that 
announced  a  comet,  for  it  was  not  terminated  by  a  tail :  it  resembled  the 
flame  of  a  torch,  subsisting  by  itself  without  any  star  for  its  base.  Its 
movement  too  was  very  different  from  that  of  a  com^t  It  was  first  seen 
to  the  E.  of  the  equinoxes ;  after  that,  having  passed  through  the  last 
star  in  the  Bear's  tail  [probably  ly  Ursae  Majoris],  it  continued  slowly  its 
journey  towards  the  W.  Having  thus  traversed  the  heavens,  it  at  length 
disappeared,  having  lasted  more  than  4  months.  It  first  appeared  about 
the  middle  of  the  sununer,  and  remained  visible  until  nearly  the  end  of 
autumn." — (Philostorgius,  Epitome  HiatoricR  Ecdesiasticmy  xii.  8.) 

In  China  this  comet  was  seen  on  Sept.  15  in  Leo :  it  rose  above 
d  or  o-  Leonis,  and  passed  through  the  square  of  Ursa  Major,  the  circle  of 
perpetual  apparition,  and  near  t  and  k  (or  X  and  fi)  Urs^e  Majoris.  Its 
tail,  short  at  first,  increased  to  10  tchang,  or  more.  — (Ma-tuoan-lin.)  It 
was  first  seen  near  d  Cygni,  and  was  visible  for  1 1  weeks. — (De  Mailla, 
iv.  590.)  Couplet  states  that  it  appeared  in  November — December.  If 
for  appeared  we  could  read  diaappearedy  Couplet's  account  would  har- 
monise with  those  of  the  other  observers. 

419. 

[176.]  On  Feb.  17  a  comet  appeared  in  the  W.  of  the  region  lying 
around  /3  Leonis. — (Ma-tuoan-lin.) 

420  ar  421. 

[177.]  In  May  a  comet  was  seen. — (Couplet.)  In  Europe  a  wonderful 
sign  appeared  in  421. — (Prospenis  Tjrronus,  Ckronicon.)  Was  this  "  sign" 
the  comet  of  the  Chinese  ] 

422  (i). 

[178.]  In  March  a  star,  with  a  long  white  ray,  appeared  for  10  nights 
about  the  time  of  the  cock-crowing. — (Ghronicon  Faschale,)  On  March 
16  it  was  near  a  and  p  Aquarii. — (OaubiL)  Ma-tuoan-lin  dates  its 
appearance  for  March  21. 

422  (ii). 

[179.]  On  Dec.  18  a  comet  was  seen  near  a  and  fi  Pegasi. — (Ma- 
tuoan-lin.) 

423  (i). 

[180.]  On  Feb.  13  a  comet  was  seen  near  y  Pegasi  and  a  Andromeda;. 
— (Ma-tuoan-lin.)    A  comet  was  frequently  seen  before  the  death  of  the 
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emperor  Honoring. — (MaroelUnns,  Chronicon.)    This  event  happened  in 
Angnst. 

423  (ii)- 
[181.]     On  Dec.  14  a  comet  was  seen  near  a  and  /9  Libne. — (Ma- 
tuoan-lin.) 

432- 
[182.]     A  comet  was  seen  near  a  and  y  Leonis ;  passing  in  the  vicinity 
of  fi  Leonis,  it  disappeared  near  a  Bootis. — (Ma-tuoan-lin.)     No  moon 
given. 

436. 
[183.]     On  June  21a  comet  was  seen  near  ir  ScorpiL — (GkinbiL) 

442. 

[184.]  On  Nov.  I  a  comet,  without  a  tail,  was  seen  in  the  square 
of  Ursa  Major.  It  soon  threw  out  a  tail,  and  passing  6,  v  Urs«  Majoris, 
through  Auriga,  p  and  ir  Tauri,  came  to  ir  Ceti  and  y,  ^  /*  EridanL  It 
disappeared  in  winter. — (Ma-tuoan-lin ;  Biot*)  It  appeared  in  Decem- 
ber, and  remained  visible  several  months. — (Marcellinus,  Ckronioon  ;  Ida- 
tius,  Chronicon,) 

449- 

[185.]     A  comet  appeared  on  Nov.  ii  in  the  vicinity  of  fi  Leonis. — 

(Ma-tuoan-lin.) 

467. 

[186.]  A  comet  resembling  a  trumpet  was  seen  for  periods  of  from 
10  to  40  days  in  the  evening  sky. — (fihronioon  FaachcUe;  Theophanes, 
Chronographia,  p.  99.     Paris  1655.) 

499- 
[187.]     A  comet  appeared  previous  to  the  second  invasion  of  Illyria 
by  the  Bulgarians. — (Zonaras,  Anncdea^  ii.  56.     Paris  1686.) 

501- 
[188.]     On  Feb.  13  a  great  star  appeared  in  the  horizon.    On  March  2 
a  grand  comet  was  visible. — (Ma-tuoan-lin.) 

504- 
[189.]     A  great  and  brilliant  star,  with  a  long  ray,  appeared  about 
the  time  of  the  death  of  Ambrosius  Aurelius. — (Galfredus,  Ds  Origine  et 
gestis  Begum  Brikmnias,  viii.  4.)     It  is  just  possible  that  this  description 
may  refer  to  the  preceding  comet     Hind  seems  to  be  of  this  opinion. 

507. 
[190.]     On  Aug.  15  a  comet  was  seen  in  the  N.  K — (Qaubil) 
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619- 

[191.]  A  "  fearful  star,'*  with  a  tail  turned  towards  the  W.,  was  seen 
this  year,  possihly  between  October  and  December. — (Theophanes,  Chro- 
nographia,  p.  14a  ;  Malala,  Hiatoria  Chromc€by  xviL) 

620. 

[192.]  On  Oct  7  a  comet,  bright  like  fire,  was  seen  in  the  K  On 
Nov.  30  it  was  observed  in  the  morning. — (QaubiL) 

524. 
[193.]    A  star  was  seen  for  26  days  and  nights  ''  above  the  gate  of  the 
palace." — (Cedrenus,  Compendiwrn  Historiarmn,  p.  365.     Paris  1647.) 

630  ^  531- 
[194.]  A  great  comet  was  observed  in  Europe  and  Chin%  but  accounts 
differ  as  to  the  year,  though  probably  it  was  531.  ''It  was  a  very  large  and 
fearful  comet,"  and  was  seen  in  the  W.  for  3  weeks.  Its  rays  extended 
to  the  zenith. — (Theophanes,  Chronographun,  p.  154 ;  Malala,  Hiatoria 
Chronica^  xviii)  It  was  observed  [1  passed]  in  October  from  a  Bootb  to 
X,  /i  Urs8B  Majoris. — (De  Mailla,  v.  299.)  Hind  thinks  that  this  was 
HaUef/8  comeL  If  it  arrived  in  perihelion  at  the  beginning  of  November 
it  would  have  occupied  the  positions  given  by  the  historians,  and,  anyhow, 
it  must  have  been  near  perihelion  at  this  time.  It  is  not  impossible  that 
there  was  a  comet  in  each  of  the  above  years,  a  theory  which  might  per- 
haps remove  some  of  the  discrepancies  which  exist  in  the  assumption  that 
there  was  only  one. 

534. 
[195.]     A  comet  appeared  in  Leo  and  Virgo ;  passing  v,  $  Urse  Ma- 
joris, it  moved  to  the  square  of  Pegasus. — (QaubiL) 

556. 
[196.]     In  November  a  comet,  in  the  form  of  a  lance,  extended  from 
K  to  W.,  or  from  N.  to  W. — (Malala,  Historia  Chronica^  xviiL)     Some 
writers  date  this  for  555. 

560. 

[197.]  On  Oct  9  a  comet,  with  a  tail  4°  long,  pointing  towards  the 
S.  W.,  was  seen. — (QaubiL) 

56i.» 
[198.]     On  Oct  8  an  extraordinary  star  was  seen  in  the  division  of 
a  Orateria— (Biot) 
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563- 

[199.]  A  cornet^  like  unto  a  swoidy  was  seen  for  a  whole  year 
[t  month]. — (Gregorius  TuronemdSy  Hiitaria  Franoorumf  iv.) 

[200.]     In  April — May  a  comet  appeared. — (Ma-tuoan-lin.) 

668  (i). 

[201.]  On  July  20  a  very  brilliant  comet  was  seen  in  QeminL  It 
moved  towards  the  K,  and  stoi^>ed  8  "feet'*  [or  degrees)]  N.  of 
B,  ly  Gancri  on  Aug.  18,  and  then  disappeared. — (Ma-taoaa-lin.) 

676. 
[202.]     On  April  27  a  comet  was  seen   near  Arctoros  (a  Bootis). 
— (Ma-tuoan-lin.) 

681. 
[203.]    On  Jan.  20  a  comet  appeared  in  the  S.  W. — (Ma-taoan-lin.) 

68a. 
[204.]  In  the  month  of  January  many  prodigies  were  seen.  A  oomet 
appeared,  situate  as  it  were,  in  a  sort  of  opening ;  it  shone  in  the  midst  of 
the  darkness,  sparkled  and  spread  out  its  tail  From  the  comet  a  ray 
of  surprising  magnitude  emanated,  which  appeared  like  the  smoke  of 
a  conflagration  as  viewed  at  a  distance.  The  comet  was  visible  in  the 
W.  firom  the  first  hour  of  the  night — (Idatius  Episcopus,  ChrorUcony 
vi  14.) 

584. 
[205.]     A  comet,  like  a  column  of  fire  suspended  in  the  air,  was  ob- 
served, and  a  great  star  appeared  above  it. — {Cfhranicon  Turonenae,) 

588. 

[206.]  On  Nov.  22  a  comet  appeared  near  fi  Caprieomi.— (Ma- 
tuoan-lin.) 

691- 
[207.]     A  comet  appeared  for   i   month. — (Bonfinius,  Remm  Hun- 
garictMn,  I.  viiL) 

695- 
[208.]     On  Jan.  9  a  comet  was  visible  in  the  sidereal  division  of 
/9  AquariL     It  moved  by  a  Aquarii,  c  Pegasi,  towards  a  Andromedn  and 
a  Arietis. — (Gaubil ;  Ma-tuoan-lin ;  Simocatta,  Historioy  viL   Ftois  1647.) 


Chap,  VII.]  Catalogue. — No.  II.  879 

602. 

[209.]  A  comet,  like  unto  a  sword,  was  seen  in  this  year. — (Theo- 
phanes,  Cfhronographia,  p.  240.) 

About  605  (i). 

[210.]  In  April  and  May  a  comet  was  seen. — (Paulus  Diaconus,  De 
Gestis  Langobardorum,  iv.  33.) 

About  605  (ii). 

[211.]  In  November  and  December  a  comet  was  seen.  —(Paulus  Dia- 
conus, iv.  34.) 

607  (i). 

[212.]  On  March  13  a  comet  was  seen  in  the  sidereal  division  of 
fi  Geminorum,  and  near  v,  <^  Urs»  Majoris ;  it  passed  by  ic,  r,  ^  &c.  Persei, 
Auriga,  a,  /3  Gkminorum,  the  vicinity  of  p  Leonis,  and  a  Herculis,  and 
stopped  after  14  weeks. — (Ma-tuoan-lin.)  Probably  for  Ti-tso  (a  Her- 
culis) we  should  read,  as  Hind  suggests,  Ou-ti-tso  (/3  Leonis)  ;  and  if  we 
suppose  the  "  v  and  <^  Ursss  Majoris"  to  allude  to  the  place  to  which 
the  tail  extended,  this  otherwise  inconceivable  route  will  appear  more 
reasonable. 

On  April  4  a  great  star  appeared  in  the  W.  It  traversed  the  girdle  of 
Andromeda,  and,  passing  by  a  Arietis,  came  to  Virgo. — (QaubiL)  The 
Chinese  account  refers  this  to  another  comet,  but  Hind  thinks  **  it  is  more 
than  probable  that  in  the  description  of  these  so-called  ^r«^  and  second 
comets  of  this  year,  there  is  some  confusion  as  regards  the  order  in  which 
a  single  comet  may  have  passed  through  these  sidereal  divisions  and  con- 
stellations ;  or  observations  of  the  direction  of  the  tail  may  be  mixed  up 
(as  occasionally  happens)  with  the  positions  of  the  head.*' — {Companion  to 

the  AlmanaCy  i860,  p.  85.) 

607  (ii). 

[213.]  On  Oct.  2 1  a  comet  appeared  in  "  the  Southern  region ;"  it  was 
seen  in  Virgo,  and,  passing  in  the  vicinity  of  /9  Leonis,  came  to  a  Herculis  : 
it  approached  near  many  constellations,  but  did  not  reach  the  cross  of 
Orion  or  GkminL — (Ma-tuoan-lin,  who  declares  this  comet  to  be  identical 
with  that  of  the  4th  of  April)  For  a  Herculis,  Pingr^  read  /3  Leonis, 
as  above,  and  thinks  the  "  European  comet  or  comets  of  605  the  same 
as  the  Chinese  comet  or  comets  of  607." — (Comet  L  327.) 

608. 

[214.]  A  comet  emerged  this  year  from  a,  /3  Aurigae,  and  passing 
V,  0  &c.  Ursae  Majoris,  came  to  /3,  d,  ir,  p  Scorpii.— (Ma-tuoan-lin.)  This  is 
precisely  the  path  which  UaUei/a  comet  follows  when  its  PP  occurs  in  Octo- 
ber, and  as  that  comet  was  due  about  this  year.  Hind  thinks  this  was  it. 
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614. 

[215.]    A  comet  appeared  for  i  month  during  the  occopatioii  of  Jera- 

aalem  by  Co8ro<$8,  king  of  Persia. — (Lubienitdd,  etc.)    Date  ^tery  mtcer 

iam, 

615. 

[ai6.]  In  July  a  comet  was  seen  to  the  S.K  of  A,  v,  ^  ^  TTrse  liajoiri& 
It  was  from  50*^  to  60^  long,  and  its  extremity  had  an  undulating  motion. 
It  moved  to  the  N.  W.  for  some  days,  and  when  it  had  nearly  reached  the 
circle  of  perpetual  apparition  it  retrograded,  and  then  dia^peared. — 
(Oaubil;  Ma-tuoan-lin.)  The  dimensions  assigned  by  the  latter  are 
5  or  6  tsun  (^  or  ^  of  a  degree  t). 

617  (i). 

[217.]  In  July  a  comet,  with  a  tail  3°  or  4^  long,  was  seen  near 
fi  Leonis ;  after  some  days  it  disappeared. — (Ma-tuoan-lin.) 

617  (ii). 

[a  1 8.]     In  October  a  comet  appeared  near  a,  /3  P^;asL — (Ma-tuoan-lin.) 

626. 

[219.]  In  March  an  extremely  brilliant  star  was  seen  in  the  W.  after 
sunset. — {Chronicon  PcuchaU)  On  March  26  it  was  situated  between 
the  sidereal  divisions  of  the  Pleiades  and  Musca.  On  March  30  it  was 
near  y,  t,  (  PerseL — (QaubiL) 

632. 
[220.]     In  May  or  June,  or  a  little  later,  a  sign  appeared  for  4  weeks 
in  the  S.     It  was  called  a  ''  beam,"  and  extended  from  S.  to  N. — (Cedre- 
nus,  Compenditim  Historiarum,  p.  425.     Paris  1647.) 

633- 
[221.]     A  comet,  in  the  form  of  a  sword,  was  seen. — (J.  A  Weber, 
Discuraus  Curioeiy  etc.) 

634. 
[222.]     On  Sept.  22  a  comet  appeared  near  /3  Aquarii,  a  Equulei,  and 
a  Aquarii,  t,  3  Pegasi ;  it  passed  through  Aquarius,  and  disappeared  on 
Oct.  3.— (Gaubil.) 

[223.]     On  April  30  a  comet  was  seen  between   the  Hjrades  and 
Pleiades. — (Ma-tuoan-lin.) 

641. 
[224.]     On  July  22  a  comet  was  seen  in  the  region  near  /3  Leonis  ;  it 
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approached  Coma  Berenicis,  and  disappeared  on  Aug.  26.  —  (Ma- 
tuoan-lin.)  De  Mailla  dates  this  comet  a  month  earlier,  and  Qaubil  says 
it  was  in  the  /3  Leonis  region  on  Aug.  i. 

663. 

[225.]  On  Sept.  27  a  comet^  2°  long,  was  seen  near  o,  ir,  fBootis. 
On  Sept.  29  it  had  disappeared. — (Ma-tuoan-lin.) 

667. 

[226.]  On  May  24  a  comet  was  seen  in  the  N.  K,  between  Auriga, 
the  Pleiades,  and  Taurus. — (QaubiL)  On  June  12  it  had  disappeared. — 
(Ma-tuoan-lin.) 

668. 

[227.]  In  May  or  June  a  comet  was  seen  for  a  few  days  in  Auriga. 
— (De  Mailla,  vL  145.) 

676  (i). 

[228.]  On  Jan.  4  a  comet,  5^  long,  was  discovered  to  the  S.  of 
a,  f  and  «c,  X  Virginis. — (Ma-tuoan-lin.) 

676  (ii). 

[229.]  ''  In  the  month  of  August  a  comet  shewed  itself  in  the  K  for 
3  months,  from  the  time  of  cock-crowing  until  morning.  Its  rays  penetrated 
the  heavens ;  all  nations  beheld  with  admiration  its  rising :  at  length, 
returning  upon  itself,  it  disappeared." — (Anastas,  Hiatoria  EccUsiastica  ; 
Paulus  Diaconus,  De  Gestis  Langcha/rdorv/m,  v.  31.)  On  Sept  4  a  comet 
appeared  near  a  and  /3  Gkminorum ;  it  moved  towards  the  N.  E.  Its 
tail,  at  first  3°  long,  afterwards  increased  to  30°.  It  [the  comet — Pingr^ ; 
or  the  tail — Hind]  reached  to  X,  fi  and  B,  v,  ^  Ursse  Majoris.  On  Nov.  i 
the  comet  had  disappeared. — (Ma-tuoan-lin  ;  GkiubiL) 

681. 

[230.]  On  Oct  17  a  comet,  50°  long,  was  near  o  Herculis ;  gradually 
diminishing  in  size,  it  moved  towards  a,  A  y  AquiUe,  and  disappeared 
on  Nov.  3. — (Gkubil ;  Ma-tuoan-lin.) 

683. 

[231.]  On  April  20  a  comet  was  seen  to  the  N.  of  a,  /3,  ^,  i  Aurigss, 
^  Tauri.     On  May  15  it  had  disappeared. — (Ma-tuoan-lin.) 

684  (i). 
[232.]    On  Sept  6  a  comet,  10°  long,  was  seen  in  the  evening  towards 
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theW.   On  Oct  9  it  had  dlBappeand.— (GauluL)   Hiiid  reOMffbdMiiUiis 

dngle  Account  will  tolerably  well  describe  the  podtion  whidi  JEMfa^^t 

comet  most  have  been  in  at  its  return  to  perihelion  in  this  yeuv  id  ckmbi- 

lets  this  was  that  celebrated  body. — {Companion  to  the  Almomae^  i86c^ 

p.  88.) 

684  (ii). 

[233.]  On  Nov.  1 1  a  star,  like  a  half  moon,  was  seen  in  the  W.  oonntiy. 
— (Ma-tuoan-lin.)     Hind  says  <'  in  the  tior^" — apparently  a  misinint. 

707. 
[334.]     On  Nov.  16  a  comet  appeared  in  the  W. ;  on  Dec  18  it  bad 
ceased  to  be  visible. ^(Ma-tuoan-lin.) 

708  (i). 
[9 350     On  March  31  a  comet  appeared  between  the  Pleiades  and 

Musca. — (Ma-tuoan-lin.) 

708  (ii). 

[936.]  On  Sept  ai  a  comet  appeared  within  the  circle  of  perpetual 
apparition. — (Ma-tuoan-lin.) 

710  or  711. 

[>370  ^^  ^^  92nd  year  of  the  Hegira  a  comet,  endued  with  a  sensible 
motion,  appeared  for  1 1  days. — (Haly,  Liber  Ptolemai  Comment,)  The 
year  92  of  the  Hegira  commenced  on  Oct  29,  710,  and  ended  on  Oct  i8» 
711. 

712. 

[238.]  In  August — September  a  comet  emerged  from  the  W.,  and 
passed  to  near  /9  Leonis,  etc. — (De  Mailla,  vL  199,) 

716. 

[239.]     A  comet  of  terrible  aspect,  with  its  tail  directed  towards  the 

Polo,  is  said  to  have  been  seen  this  year,  but  we  have  only  a  modem 

autliority  for  the  statement — (Sabellicus,  Omnia  Opera,  Ennead.  VIIL 

lib.  vii.     Basileas  1560.) 

729, 

[240.]  Several  writers  speak  of  2  comets  visible  for  14  days  in  the 
month  of  January,  the  one  after  sunset  and  the  other  before  sunrise. — 
(Bedo,  Hietoria  ICccleeiastica,  v ;  Monachus  Herveldensis,  Chronicon  Histo^ 
ricB  Oennanias,)  It  is  easy  to  see  that  a  single  comet  with  a  R  A.  not 
differing  much  from  that  of  the  Sun,  but  with  a  high  north  declination, 
would  bo  seen  both  after  sunset  and  before  sunrise,  and  thus  fulfil  the 
statement  of  the  Chroniclers.  Donati's  great  comet  of  1858  was  so  visible 
for  several  weeks  in  the  month  of  September  of  that  year. 
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730- 

[24X«]  On  Aug.  29  a  comet  was  seen  in  Auriga :  on  Sept  7  it  spread 
its  light  over  the  Hyades  and  Pleiades. — (QaubiL)  Ma-tuoan*lin  says  that 
the  comet  of  Sept.  7  was  not  the  same  as  that  of  Aug.  29. 

738. 
[242.]     On  April  i  a  comet  was  seen  within  the  circle  of  peipetual 
apparition.     It  traversed  the  square  of  Ursa  Migor,  and  was  observed 
for  10  days  or  more,  when  clouds  interfered. — (Ma-tuoan-lin.) 

744. 
[243.]     A  great  comet  was  seen  in  Syria. — (Theophanes,  p.  353.) 

762. 

[244.]     A  comet  was  seen  in  the  E.  like  unto  a  beam. — (Theophanes, 

P-  363.) 

767. 

[245.]  On  Jan.  22  a  comet,  1°  long,  was  seen  near  a,  |9,  y,  d  DelphinL 
It  was  visible  for  3  weeks. — (Ma-tuoan-lin.) 

773. 
[246.]     On  Jan.  17  a  great  star  appeared  below  the  belt  of  Orion.-— 
(Ma-tuoan-lin.) 

813. 
[247.]  *^  On  Aug.  4  a  comet  was  seen  which  resembled  2  Moons  joined 
together;  they  separated,  and  having  taken  different  forms,  at  length 
appeared  like  a  man  without  a  head." — (Theophanes,  p.  423.)  In  spite 
of  the  strangeness  of  this  description,  Pingr6  considers  it  to  be  really  that 
of  a  comet,  and  thinks  it  possible  to  find  an  explanation  in  the  comet's 
peculiar  position  with  regard  to  the  Sun  and  the  Earth. — {Comit  L  338.) 

815. 

[248.]     In  April — ^May  a  great  comet  appeared  in  the  vicinity  of 

^  Leonis. — (Ma-tuoan-lin.) 

817. 

[249.]  On  Feb.  5,  at  the  second  hour  of  the  night,  a  monstrous 
comet  was  seen  in  Sagittarius. — {Vita  Ltidovici  Pii)  On  Feb.  17  the 
comet  was  seen  in  the  Hyades. — (Ma-tuoan-lin.) 

821  (i). 

[250.]  On  Feb.  27  a  comet  was  seen  in  Crater.  On  March  7  it  was 
near  a  Leonis. — (Ma-tuoan-lin.) 
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8a I  (u). 

[251.]  In  July  a  comet,  with  a  tail  10°  long,  was  seen  in  the  ndadea 
After  10  days  it  disappeared. — (Ma-tuoan-lin.) 

828. 

[252.]  On  Sept  3  a  comet,  with  a  tail  2^  long,  was  seen  near 
r,  v^  17  BoStifl. — (Ma-tuoan-lin.)  A  comet  in  Libra. — (Qeorgius  Fabricios, 
Berum  GermanicB,,.Memorabil%um,)  This  Fabricius  wrote  in  1609,  and 
Pingre,  not  then  acquainted  with  Ma-tuoan-lin,  threw  doubts  on  the  value 
of  the  record. 

829.* 

[253.]  In  November  an  extraordinary  star  was  seen  in  f,  ^,  o»  ir  Oanis 
Minoris. — (Biot) 

834. 
[354O     On  Oct.  9  a  comet,  with  a  tail   10°  long,  was  seen  near 
/3  Leonis.     It  went  northwards  beyond  Coma  Berenicis.     On  Sept.  7  it 
had  disappeared — (Ma-tuoan-lin.) 

837  (ii). 

[^55-1  On  Sept.  10  a  comet  was  seen  in  the  divisions  of  fi  and  a  Aqua- 
rii. — (Ma-tuoan-lin  ;  Boethius,  Scatorum  Histcrioy  x.) 

838  (i). 

[256.]     On  Nov.  1 1  a  comet  was  seen  near  /3  Corvi — (Ma-tuoan-lin.) 

838  (ii). 

[257.]  On  Nov.  21  a  comet  was  seen  in  the  K  country,  in  the 
sidereal  divisions  y  Sagittarii  and  fi'  ScorpiL  It  extended  in  the  heavens 
E.  and  W.     On  Dec.  28  it  had  disappeared. — (Ma-tuoan-lin.) 

839  (0- 

[258.]  On  Jan.  i  a  comet  was  seen  in  Aries. — (Annates  Francorum 
FtUdensea.)  On  Feb.  7  a  comet  was  seen  near  x>  V^  AquariL — (Ma- 
tuoan-lin.)  Pingr^  thinks  that  the  latter  could  not  have  been  the 
European  comet  of  Jan.  i. — (CamSt.  i.  614.) 

839  (ii). 

[259.]  On  March  12  a  comet  was  seen  to  the  N.  of  p,  f,  (,  C  Persei 
On  April  14  it  had  disappeared.— (Ma-tuoan-lin.) 
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840  (i). 

[260.]  On  March  20  a  comet  was  seen  between  the  sidereal  divisions 
of  a  and  y  PegasL     After  3  weeks  it  disappeared. — (Ma-tuoan-lin.) 

840  (ii). 

[261.]  On  Dea  3  a  comet  was  seen  in  the  K  country. — (Ma- 
tuoan-lin.) 

841  (i). 

[262.]  Before  the  battle  of  Fontenay,  that  is,  before  June  25,  a 
comet  was  seen  in  Sagittarius. — (Annalea  Fromcorum  Fvldenaes.)  In 
July — August  a  comet  was  seen  near  x,  ^  AquariL — (Ma-tuoan-lin.) 

841  (ii). 

[263.]  On  Dec.  22  a  comet  was  seen  near  a  Piscis  Australis;  it 
passed  through  the  wing  of  Pegasus  into  the  circle  of  perpetual  appari- 
tion. On  Feb.  9,  842,  it  had  disappeared. — (GkiubiL)  It  was  seen  in 
the  W.  from  Jan.  7  till  Feb.  13. — {Chronicon  Twronenae,) 

852. 
[264.]     In  March — April  a  comet  appeared  in  Orion. — (Ma-tuoan-lin.) 

855. 
[265.]     A  comet  was  seen  in  France  for  3  weeks. — (Chronicon  S,  Ma- 
xentii,)     Perhaps  in  the  month  of  August 

857. 
[266.]     On  Sept  22  a  comet,  with  a  tail  3°  long,  was  seen  in  the 
division  n  Scorpii. — (Ma-tuoan-lin.) 

858. 

[267.]  At  the  time  of  the  death  of  Pope  Benedict  III  a  comet 
appeared  in  the  E. ;  its  tail  was  turned  towards  the  W. — (Ptolemaeus 
Lucensis,  Hisioria  Ecclesiaatvca,  xvL  9.)     Benedict  died  on  April  8. 

864. 

[268.]  On  May  i  a  comet  was  seen. — (Chronicon  Floriacenae.)  On 
June  2 1  a  comet  was  seen  to  come  from  the  E.  country.  It  was  near 
a,  /3,  y  Arietis,  and  had  a  tail  3*^  long. — (Ma-tuoan-lin.) 

866. 

[269.]  Comets  were  seen  before  the  death  of  Bardas. — (Constantinus 
Porphyrogenetus,  Incerti  CorUmucUorUf  iv.)  Bardas  was  killed  on  April  2 1. 

c  c 
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86a 

[370.]  About  Jan.  89  a  oomet  was  seen  for  1 7  daya  It  was  under  the 
tail  of  the  Little  Bear,  and  advanced  to  Triangulum.— (ilnfiofet  Ftxuwth 
rum  FtUdenses.)  It  was  seen  in  China  in  the  sidereal  divisiona  of  y  Arie- 
tis  and  a  Musca. — (Ma-tuoan-lin.) 

869. 

[271.]  A  comet  announced  the  death  of  Lotharius  the  Younger. — 
(Pontanus,  ffistoria  OdrioOy  y.)  Lotharius  died  on  Aug.  8.  In  Septem- 
ber— October  a  comet  was  obaerved  near  Xt  fh  ^9  ^>  fit  P  PerseL  It  went 
to  the  N.  K—  (Ma-tuoan-lin.) 

873- 
[372.]     A  comet  was  seen  in  France  for  25  days. — {Chranican  Ande- 
ga/oense,) 

875. 
[273.]  The  death  of  the  emperor  Louis  II  was  announced  by  a  burning 
star,  like  a  torch,  which  shewed  itself  on  June  7  in  the  N.  It  was  seen 
also  from  June  6  in  the  N.  K  at  the  first  hour  of  the  night  It  was  more 
brilliant  than  comets  usually  are,  and  had  a  fine  tail  This  bright  comet, 
with  its  long  tail,  was  seen  morning  and  evening  during  the  whole  of  June. 
{Breve  Chronican  Andrece,)  After  harmonising  some  discrepancies  of 
dates,  Pingre  says  the  comet  would  have  appeared  on  June  3  in  Aries ; 
having  but  little  latitude,  it  would  consequently  have  risen  a  little  after 
midnight,  and  would  have  been  seen  the  same  night  The  following  days, 
as  its  longitude  diminished  and  its  north  latitude  increased,  it  would 
have  been  seen  by  June  6  or  June  7,  in  the  evening,  towards  the  N.  E. — 
(Comet,  i.  349.) 

877. 

[274.]  "  In  the  second  year  of  the  entrance  of  Charles  the  Bald  into 
Italy  a  comet  was  seen  in  the  month  of  March  in  the  W.,  and  in  the  sign 
Libra.  It  lasted  for  15  days,  but  was  less  bright  than  the  preceding  one 
[that  of  875].  In  the  same  year  the  emperor  Charles  died." — {Chronicoti 
Ncyvaliciense.)  Being  in  Libra,  it  was  in  opposition  to  the  Sun,  and 
therefore  visible  all  night,  in  the  evening  in  the  E.  and  in  the  morning 
in  the  W. — (Pingr^,  Cornet,  L  350.)  Ma-tuoan-lin  says  that  it  appeared 
in  the  5th  moon,  or  in  June — July. 

882. 

[275*]  O^  J<^*  18,  at  the  first  hour  of  the  night,  a  eomet,  with  a 
prodigiously  long  tail,  was  seen.— (ilnna^  Francarum  Fuldensea,) 
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885. 

[276.]     A  comet  was  seen  between  a  or  ir  Persei  and  «  Gfeminonim.^ — 

(Ma-tnoan-lin.) 

886. 

[277.]  On  June  13  a  comet  was  seen  in  the  sidereal  divisions  of 
IJ?  Scorpii  and  y  SagittariL  It  traversed  Ursa  Major  and  Bootes,  near 
to  o,  TT,  f  or  i/j-n-,  V. — (Ma-tuoan-lin.) 

891. 

[278.]  On  May  12  a  comet,  with  a  tail  100°  long,  appeared  near  the 
feet  of  Ursa  Major ;  it  went  towards  the  K  It  passed  by  the  vicinity  of 
/3  Leonis  to  a  Bootis  and  Corona  Borealis,  etc  On  July  5  it  had  disap- 
peared.— (Ma-tuoan-lin ;  J.  Asserius,  Annalea,) 

89a  (i). 

[279.]     A  comet  appeared  this  year  in  the  tail  of  Scorpio.  It  lasted  la 

weeks,  and  was  followed  by  an  extreme  drought  in  April  and  May. — 

{Chronicon  Andegavense,) 

892  (ii). 

[280.]  In  June  a  comet,  with  a  tail  2^  long,  appeared. — (Ma- 
tuoan-lin.) 

892  (iii). 

[281.]  In  November — December  a  comet  appeared  in  the  sidereal 
divisions  of  ^  Sagittarii  and  /3  CapricomL — (Ma-tuoan-lin.) 

892  (iv). 

[282.]  On  Dec.  28  a  comet  came  from  the  S.  W.  On  Dec.  31,  the 
sky  being  cloudy,  it  was  not  seen. — (Ma-tuoan-lin.) 

Possibly  L  and  iL  are  identical,  and  also  iii.  and  iv. ;  and  therefore 
there  were  only  2  comets  this  year. 

893. 
[283.]  After  several  months  of  very  bad  weather  the  clouds  went 
away,  and  on  May  6  a  comet  was  seen  near  <  and  k  Ursse  Majoris,  with 
a  tail  100°  long.  It  went  towards  the  E.,  entered  the  region  lying  around 
/3  Leonis,  and  traversed  Bootes,  near  Arcturus  passing  into  Coma  Bere- 
nicis  and  the  region  around  a  Herculis.  It  was  visible  for  6  weeks,  and 
its  length  gradually  increased  to  200°  (1).  The  clouds  then  hid  it — 
(Ma-tuoan-lin.)  The  length  is  incredible,  though  Gkiubil  gives  the  same. 
Gkubil's  date  is  895,  but  Pingr^  is  sure  that  893  was  the  year. 

894. 
[284.]     In  February — March  a  comet  was  seen  in  Gemini — (Ma- 
tuoan-lin.) 

c  0  a 
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896.* 

[285.]  In  this  year  there  appeared  3  extraordinary  stars,  one  large 
and  two  smaller  ones.  They  were  between  the  divisions  /3  and  a  Aquarii. 
They  travelled  together  for  3  days.  The  little  ones  dis^peared  first,  and 
then  the  large  one. — (Biot.) 

900.* 

[a  86.]  About  February  an  extraordinary  star  appeared  near  e  Her- 
culis,  4  Ophiuchi,  W.  of  a  Herculis.— (Biot.)  A  comet  appeared. — (Lu- 
bienitzki.) 

902.* 

[287.]  About  February  an  extraordinary  star  was  seen  below  some 
stars  in  Camelopardus.  After  a  little  while  it  passed  to  x  Draconis.  On 
March  2  a  shooting  star  touched  it  On  March  4  it  returned  to  Camelo- 
pardus.— (Biot.)     A  comet  appeared. — (Calvisius,  Opus  Chronologicwn,) 

904. 

[288.]  At  about  the  time  of  the  birth  of  the  emperor  Constantine 
Porphyrogenetus  a  brilliant  comet  shewed  its  rays  in  the  K  It  lasted  40 
days  and  40  nights. — (Leo  Qranmiaticus,  Chronographiok,  p.  483.)  Con- 
stantine was  baptized  on  the  festival  of  the  Epiphany,  or  on  Jan.  6,  905  ; 
so  the  comet  may  be  dated  for  November  and  December  904. 

905- 
[289.]  On  May  22  a  comet  was  seen  near  a,  /3  Gkminorum.  It  tra- 
versed 6y  Vy  ifi,  T  Ursie  Majoris.  It  was  beyond  X,  fi  and  v,  $  of  the  same. 
The  tail  was  30^  long.  On  June  12  the  comet  went  out  from 
a  and  y  Leonis :  on  June  13  clouds  obscured  the  sky ;  and  on  June  18 
the  comet  had  disappeared. — (Ma-tuoan-lin.)  From  the  European  account 
in  the  Ohronicon  Floriacense  it  would  rather  seem  that  it  was  the  hectd  of 
the  comet  which  was  in  Ursa  Major,  and  that  the  tail  reached  to  the 
zodiacal  region ;  but  the  description  is  altogether  very  vague.  In  all 
such  cases  the  Chinese  accounts  are  generally  preferable. 

911.* 

[290.]  About  June  an  extraordinary  star  appeared  near  a  Herculis. — 
(Biot.)  A  comet  appeared. — (Ordericus  Vitalis,  HUtoria  Eccledcutica,  vii.) 
Pingr^,  perhaps  it  may  now  be  said  without  reason,  refers  this  account  of 
Ordericus  to  the  next  comet. 

912. 
[291.]     A  comet  appeared  for  15  days  in  the  W.,  like  unto  a  sword • 
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(Leo  Qrammaticus,  Chronogra/pMay  p.  487.)  It  lasted  for  14  days  in  the 
N.  W.  in  March. — (Hugo,  Monachus  Floriacensis,  Chronicon,)  On 
May  13a  comet  went  out  from  the  sidereal  division  of  v  Hydrse  to  near 
X  Leonis. — (Ma-tuoan-lin.)  Probably  HaUer/s  comets  the  PP  occurring 
early  in  April. — (Hind,  Month.  Not.  R.A.S.,  x.  55.) 

912  or  913. 

[292.]  A  comet  was  seen  in  Egypt  in  the  year  300  of  the  Hegira. 
— (Haly,  Liher  Ptolemcei  Comment.)  This  year  commenced  on  Aug.  18, 
912,  and  ended  on  Aug.  6,  913. 

923- 
[293.]     In  November — December  a  comet  was  seen  near  $,  y,  d  Cancri. 
— (De  Mailla,vii.  210.)  Another  authority  ante-dates  this  comet  i  month. 

928. 

[294.]  On  Dec.  13  a  comet  came  from  the  S.  W.  Its  R.  A.  was  5° 
greater  than  that  of  /3  Capricomi.  Its  tail  was  10°  long,  and  pointed  to 
the  S.  E.     After  3  evenings  it  ceased  to  be  visible.     (Ma-tuoan-lin.) 

936. 
[295.]     On  Sept.*  21   a  comet  came  from  the   sidereal  divisions  of 
fi  and  a  Aquarii.      It   was   1°  long,   and   passed   near  (  Aquarii   and 
X,  fi  Capricomi. — (Ma-tuoan-lin.) 

939- 

[296.]     "  There  was  seen  in  Italy,  for  8  successive  nights,  a  comet  of 

surprising  grandeur ;  it  threw  out  rays  of  extraordinary  length." — (Luit- 

prandi  Ticinensis,  Rerum . . .  Gesta/nmi,  V.   i.)      Possibly  July  was  the 

month. 

941. 

[297.]     On  Sept.  18  or  Nov.  17  (it  is  not  possible  to  say  which,  though 

the  former  day  seems  the  more  likely,  from  the  European  account)  a  comet 

went  out  from  the  W.  country.     It  swept  the  walls  of  Tien-che,  and  was 

10°  long. — (Ma-tuoan-lin.)     It  was  seen  in  October  for  3  weeks. — (Chro- 

nicon  S.  Florentii.)     Tien-che  is  a  Chinese  sidereal  division  comprising 

Corona  Borealis,  nearly  all  Hercules,  and  the  northern  portion  of  Ophiu- 

chus  and  Serpens. 

942. 

[298.]  In  October  a  comet  appeared  for  3  weeks  in  the  W. :  it  had  a 
long  tail,  and  advanced  gradually  eastwards  to  the  meridian. — (Chronicon 
And^avense.)     Several  authorities  say  that  the  comet  appeared  for  only 
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a  weeks,  from  Oct.  i8  to  Nov.  i. — (Wilichindiia,  Aamalei,)  All  remark 
that  a  great  mortality  amongst  oxen  oooorred  in  the  following  year  i» 
earuequenee  of  the  comet's  apparition  [t]. 

943- 

[299.]  On  Nov.  5  a  comet  appeared  in  the  K  country :  its  R.  A.  was 
greater  than  that  of  a  Yirginis  by  9^  Its  tail  was  i^  long,  and  pointed 
to  the  W. — (Ma-tuoan-lin.)  Comets  were  seen  for  14  nights. — {Mukb- 
Usta  Saxo.) 

945- 

[300.]     **  Theolilon,  Bishop  of  Tours,  set  out  from  Laon  to  return  to  his 

diocese,  but  was  overtaken  on  the  road  by  the  malady  of  which  he  died. 

He  had  just  partaken  of  the  Holy  Sacrament,  when  a  luminous  sign  was 

seen  traversing  the  sky.     This  sign  was  a  cubit  long.     Its  brilliancy  was 

such  that  it  gave  light  in  the  middle  of  the  night  to  those  who  were 

charged  to  conduct  to  Tours  the  body  of  the  prelate  by  a  journey  of  aoo 

miles.'' — (Frodoard,  Chranicon.)    Hngr^  considers  that,  apart  from  other 

testimony,  the  duration  determines  this  to  have  been  ''une  veritable 

com^te." — {Comet  i.  356.) 

956. 

[301.]  On  March  13  a  comet  was  seen  in  the  cross  of  Orion.  Its  tail 
pointed  towards  the  S.  W. — (Ma-tuoan-lin.)  It  is  possible  that  "  March 
13"  may  not  accurately  represent  the  original,  owing  to  a  doubt  attending 
the  Chinese  method  of  computation. 

969- 

[30a.]  At  the  time  of  the  death  of  the  emperor  Constantino  Porphyro- 
genetus  a  gloomy  and  obscure  star  appeared  for  some  time.— (Constant. 
Forph.,  Incerti  CorUintiatoriSf  p.  289.)  Constantino  died  on  Nov.  9.  It 
was  seen  from  Oct.  17  to  Nov.  i.— (Tackius,  Ccdi  anamalan,  id  est,  de 
Cometia  scripttim,) 

Biot  has  an  extraordinary  star  in  January,  and  another  in  February, 
962  :  he  assumes  these  to  be  one  and  the  same,  and  both  to  be  identical 
with  No.  1 2  of  the  calculated  comets. 

975. 
[303.]  A  bearded  comet  was  visible  from  August  to  October — (Cedre- 
nus,  Compendium  Historiarum,  p.  683.)  It  was  first  seen  on  Aug.  3  in  the 
head  of  Hydra,  between  7  and  9  hours  of  the  morning ;  the  tail  was  40^ 
long.  The  comet  traversed  Cancer  and  came  to  the  square  of  Pegasus, 
and  lasted  altogether  1 2  weeks. — (OaubiL)  It  became  visible  on  the  5th 
moon,  which  terminated  on  July  n.— (De  Mailla,  viil  58.)    There  is 
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much  reason  to  believe  that  this  comet  is  identical  with  the  celebrated 
ones  of  1264  and  1556.  Presuming  the  PP  to  have  taken  place  at  the 
end  of  July,  the  above  accounts  will  all  harmonise  extremely  well — 
(Pingre,  L  357.) 

981. 

[304.]  A  comet  appeared  in  the  autumn. — (Burkhardus,  Monachus 
S.  Galli,  ffistoria,  i.) 

983* 
[305.]     On  April  3  an  extraordinary  star  appeared  near  fi  Leonis. 
More  precisely,  it  was  between  fi  and  17  Virginis  :  it  approached  p,  $,  n  Vir- 
ginis,  and  went  to  the  N. — (Biot)     A  comet  appeared. — (Lubienitzki, 
etc.) 

985. 
[306.]     A  comet  appeared  during  the  pontificate  of  John  XVI. — (Pla- 
tinsB,  De  VUis  Stmimorum  ForUificorvm.) 

989  (i). 

[307.]  On  Feb.  10  a  comet  appeared  to  the  N.  of  a  and  /3  Pegasi.  It 
was  1°  long,  and  lasted  14  days.— (Qaubil ;  ArmcUista  Saxo.)  Pingrd 
seems  to  question  the  value  of  Gkubirs  citation. — {Comit  i.  620.)  Pos- 
sibly the  chronicle  cited  above  refers  to  the  2nd  comet  of  this  year,  the 
orbit  of  which  has  been  calculated  by  Burckhardt. 

990  (i).* 

[308.]  On  Feb.  2  an  extraordinary  star  appeared  in  the  division 
y  Corvi :  it  retrograded  towards  v,  jc,  v,  ^  Hydras  and  disappeared,  having 
travelled  40°  in  lo  weeks.— (Biot.) 

990  (ii). 
[309.]     A  star,  with  a  long  tail,  appeared  in  the  N.     After  some  days 
it  was  in  the  W.,  and  its  tail  extended  to  the  E. — (Romualdus  Salemita- 
nus,   Chronicon.)      It  was   seen   in   August — September  in  the  W. — 
(Couplet.) 

995. 
[310.]     On  Aug.  10  a  comet  was  seen. — (Hepidannus,  AnncUes  ;  Flo- 
rentius  Vigomiensis,  Chronicon.) 

998. 
[311.]     On   Feb.    23   a   comet,    i®  long,   was    seen    to    the   N.   of 
a  and  /9  Pegasi.     It  lasted  a  fortnight.— (Couplet ;  De  Mailla,  viii.  131 ; 
Ma-tuoan-lin.) 
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lOOO. 

[312.]  A  comet  appeared  on  Dec.  14  for  9  days.  It  fiightened  every- 
body.— (Iperius,  Chronicon^  xxxiii.)  A  meteor  appeared  at  the  same 
time,  and  the  majority  of  writers  confound  the  one  with  the  other.  This 
may  be  the  real  explanation  of  the  fact  that  a  slight  doubt  hangs  over 
the  year  as  to  whether  it  was  999  or  1000.  Pingr6  thinks  it  was  clearly 
the  latter. 

1003  (i). 

[313O  In  February  a  comet  was  seen  ;  it  disappeared  near  the  Sun, 
and  was  only  seen  for  a  few  days  a  little  before  the  rising  of  that  body. — 
(Hepidannus,  Arvnalea!) 

1003  (ii). 

[314.]  A  comet  appeared  during  the  pontificate  of  John  XVII. — 
{Chronicon  Nv/remburge7ise,)  It  lasted  a  long  time. — (ChroniMn  Steder- 
lingense.)  It  was  discovered  in  China  on  Dec.  23.  It  approached  very 
near  3^  r,  i,  v,  ^  Gkminorum,  passed  by  a,  /9  Aurigae,  /3  Tauri  to  the  cross 
of  Orion,  and  disappeared  after  30  days.  Its  tail  was  4°  long,  and  like  a 
vase  in  shape. — (Ma-tuoan-lin.)  Some  European  writers  refer  to  a  comet 
in  1004,  which  is  probably  this  one  prolonged.  Pope  John  was  elected 
on  June  13,  and  lived  only  till  Dec.  7.  So  can  there  have  been  2  comets 
between  June  1003  and  Dec. — Jan.  1003-4 1 

1005. 

[3 1 5.]  A  comet  was  seen  in  the  S. — (Alpertius,  De  DiversikUe  Tern- 
porum.)  It  was  in  the  W.  in  September,  at  the  commencement  of  the 
night,  and  lasted  3  months.  It  shone  with  great  brilliancy,  and  did  not 
set  till  cock-crowing. — (Glaber  Rudolphus,  Antiales.)  It  was  seen  in 
China  in  September — October,  within  the  circle  of  perpetual  apparition. 
— (De  Mailla,  viii.  158.)  On  Oct.  4  an  extraordinary  star  appeared  in 
the  circumpolar  regions  near  /9,  y  Draconis  :  it  passed  by  some  little  stars 
between  y^  Draconis  and  d  Ursee  Minoris  to  some  little  stars  in  Camelo- 
pardus,  N.  of  Cassiopeia.     It  only  lasted  1 1  days. — (Biot.) 

ion.* 

[316.]  On  Feb.  8  an  extraordinary  star  was  seen  near  o-,  r,  (,  ifi  Sa- 
gittarii. — (Biot.) 

1012. 

[317.]  A  comet  of  extraordinary  grandeur  was  seen  for  3  months  in 
the  southern  part  of  the  heavens. — (Hepidannus,  Anncdea.) 
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1015. 

[318.]  A  comet  was  seen  in  February. — (Protospatas,  Breve  Chro- 
nicon.) 

1017. 

[319.]  A  comet,  like  a  large  beam,  was  seen  for  4  months. — (Sigeber- 
tus,  Chrcnographia ;  Qerbrandus,  Ghranicon  Edguywrn,  ix.  8.)  Hevelius 
says  that  it  appeared  in  Leo,  but  gives  no  authority  for  this  statement. 

1018. 

[320.]  On  Aug.  4  a  comet  appeared  to  the  N.  E.  of  (it  would  seem) 
C  Ursse  Majoris ;  it  was  3°  long,  and  went  northwards.  It  passed  by 
«  Ursae  Majoris,  and  thence  southwards — (Ma-tuoan-lin) — ^by  a  route 
which  Pingr^  says  must  have  been  erroneously  stated.  However,  it  is 
certain  that  a  comet  appeared  this  year  in  the  Polar  regions,  and  that  it 
lasted  about  6  weeks. — (Ditmarus,  Chroniconj  viii.)  It  is  less  certain  that 
its  length  increased  to  30^  and  that  passing  Leo  it  disappeared  in  Hydra. 

An  extraordinary  star  appeared  on  June  10  to  the  N.  W.  of  «  Leonis  : 
it  advanced  rapidly  by  a  Leonis  to  the  vicinity  of  fi  Leonis  :  it  touched 
/3  Virginia,  and  passing  i  Leonis  (or  d  Virginis)  came  to  the  N.  W.  of 
V,  o,  f,  TT  Virginis.     It  lasted  11  weeks. — (Biot.*) 

1023. 
appeared 


Chronicon,)     The  original  account  contains  much  that  is  certainly  ficti- 
tious. 

1024. 

[322.]  A  comet  appeared  the  year  before  the  death  of  Boleslas  I,  king 
of  Poland. — (Dlugossus,  ffistoria  Polonica.) 

1032.* 

[323.]  On  July  15  an  extraordinary  star  appeared  in  the  N.  E.  It 
approached  /3  Leonis,  and  threw  out  a  tail.  On  July  27  it  disappeared. 
— (Biot.)  Cedrenus  speaks  of  a  brilliant  star  having  passed  from  S.  to  N. 
this  year. — (Compendiwrn  HUtorianrum,  73o0 

1033- 
[324.]     A  comet,  2°  long,  appeared  on  March  5  to  "  the  E.  of  the 
N.  country"  [N.E.I]. — (Ma-tuoan-lin.)     It  appeared  on  March  9  about 
the  loth  hour  of  the  night,  and  lasted  till  sunrise  for  3  nights. — {Frag- 
mentum  HiatorioR  Francorwm,^  i.  and  ii.) 
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1034. 

[325.]  A  column  of  fire  was  seen  in  the  E.  in  September.  Its  sam- 
mit  inclined  towards  the  S. — (Cedrenus,  Compendium  ffiitariarum, 
P-  737)  I*  appeared  between  #c,  v,  X,  ft,  ^  Hydne  and  Crater. — (De 
Mailla,  viiL  199.) 

1035  (0- 

[326.]  A  comet  appeared  in  «,  v,  X,  fi,  ^  Hjdrse  and  Crater.  It  was 
7°  and  5  Uun  long. — (Ma-tuoan-lin.)  Possibly  this  is  identical  with  the 
preceding.  If  1035  is  the  right  year,  probably  the  column  of  fire  was  a 
meteor. 

1035  (")• 
[327.]     On  Nov.   II  a  comet,  with  a  faint  tail,  appeared  in  the 
western  ribbon  of  Pisces. — (Ma-tuoan-lin.) 

1041. 
[328.]     Comets  appeared. — (Glycas,  Annales,  p.  316.) 

1042. 

[329.]  On  Oct.  6  a  comet  appeared.  Its  motion  was  from  K  to  W., 
and  it  lasted  through  the  month. — (Qlycas,  AfmaleSy  p.  319.) 

1046. 

[330.]  A  comet  appeared  in  the  15th  year  of  Henry  I  of  France. — 
(Gk)dellus,  Chronica,) 

1049. 

[33^-]  Oq  ^^6  morning  of  March  io«  before  sunrise,  a  comet  was 
seen  near  /9  Aquarii,  and  a  Equulei ;  it  passed  by  the  head  of  Orion, 
Musca,  and  the  horns  of  Aries,  and  lasted  16  weeks. — (Gkiubil.)  ''La 
route  qu'on  assigne  a  cette  com^te  n'est  pas  naturelle."— (Pingr^  i-  372.) 
Ma-tuoan-lin  is  scarcely  more  intelligible.  Pingr^  is  disposed  to  think 
that  Gkiubil  has  made  a  mistranslation.  The  words  rendered  *  head  of 
Orion '  and  *  Musca,*  united  into  one  word,  closely  resemble  the  word 
standing  for  '  the  circumpolar  region.'  This  affords  a  certain  amount  of 
explanation  for  the  incongruity. 

1054* 
[332*]     Ou  «^uly  4   &^  extraordinary  star  appeared  to  the  S.  E.  of 
C  Tauri.     It  disappeared  at  the  end  of  the  year. — (Biot.) 

1056. 
[333-]     ^11  July — August  a  comet  appeared  in  the  circumpolar  re- 
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gions. — (De  Maillay  yiii.  245.)  It  seems  to  have  passed  southwards  to 
Hydra,  but  Qaubil  places  it  in  the  head  of  Orion  when  first  seen. 
Ma-tuoan-lin  agrees  with  De  Mailla.  It  was  10^  long,  and  on  Sept.  25 
had  disappeared  [N.R  The  head  of  Orion  is  Tsov/i^  the  other  region 
Tae-iyuey ;  pronunciation  nearly  identical,  hence  possibly  a  confusion. 
See  Note  to  preceding  comet] 

1058. 

[334*]  ''  "^^6  death  of  Casimir,  king  of  Poland;  was  announced  by 
a  comet,  which  appeared  for  several  nights."  (Hennenfeld,  Annalea 
Silesici)    It  lasted  the  whole  of  Easter  week. — (Morigia,  Chranicon,  L) 

1060. 

[335*]  Shortly  after  the  death  of  Henry,  king  of  France,  a  comet 
with,  a  long  tail  appeared  in  the  morning. — (William  of  Malmesbury,  De 
Geatis  Begum  Anglice.)     Henry  died  on  Aug.  29. 

1067. 

[336.]  A  comet  appeared  at  the  death  of  Constantine. — (Duoas, 
Chronicon  Andego/venae,)     This  event  happened  in  May. 

1069.* 

[337]  ^^  ^^^7  12  an  extraordinary  star  appeared  in  the  division 
-/  Sagittarii  :  on  July  23  it  traversed  y,  d,  c,  X  SagittariL — (Biot) 

1070. 

[338.]  On  Dec.  25  an  extraordinary  star  appeared  in  Aries,  below 
Musca. — (Biot.) 

107 1-8. 

[339*]  During  the  reign  of  Michael  Parapinatius  comets  frequently 
appeared.— (Curopilatas,  JSxcerpta  e  Breviario  ffietorico,  p.  856.) 

1075- 
[340.]  On  Nov.  17  a  comet,  3^  long,  appeared  in  the  S.E.  in  the 
middle  of  Corvus.  The  day  following,  the  tail  was  bifid  and  curved. 
On  the  19th  its  length  was  5°  ;  on  the  20th  7°,  and  it  pointed  towards 
17  CorvL  On  Nov.  29  the  comet  entered  the  Hyades  and  disappeared. — 
(Ma-tuoan-lin ;  De  Mailla,  viiL  285.) 

1080  (i). 
[341*]    On  Aug.  10  a  comet,  10°  long,  appeared  to  the  S.  of  Coma 
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Berenicifl ;  it  was  carved,  and  pointed  to  the  S.R  Its  R  A.  exceeded  that 
ofyCorvi  by  8°  or  9°.  On  Aug.  13  it  reached  towards  the  W.  of 
the  North  Country.  [Pingr^  does  not  understand  what  is  meant]  Its 
RA.  exceeded  that  of  a  Crateris  by  g°  \  on  Aug.  15  it  was  3^  long,  and 
curved,  and  penetrated  Coma  Berenicis.  On  Aug.  18  [20  f]  the  comet 
passed  very  near  a,  y  Leonis.  On  Aug.  24  it  entered  the  Hyades  and 
disappeared.— (Ma-tuoan-lin.) 

1080  (ii). 

[342.]  On  Aug.  27  a  comet,  which  Ma-tuoan-lin  regards  as  the 
preceding  again  visible,  appeared  between  «,  v,  X,  /i,  ^  Hydne,  and 
lasted  till  Sept.  14.  Pingr6  is  my  authority  for  separating  these 
comet& — (Comit  L  625.) 

1092.* 

[343*]  ^^  ^^^'  ^  <^  extraordinary  star  appeared  in  the  division 
d  Ononis  :  it  "  attacked  "  a,  /3,  y,  d  Leporis.  On  Jan.  9  it  passed  over 
§ikf  »,  b  Eridani.  On  Jan.  30  it  entered  the  division  (  Andromede.  On 
May  7  it  disappeared. — (Biot) 

1096. 

[344.]  On  Oct  7  a  comet  like  a  sword  appeared  in  the  southern 
part  of  the  heavens.-^Ekkeardus,  Anncdista  Saax>.) 

1098. 

[345O  ^Q  June  3,  "  the  night  of  the  capture  of  Antioch,"  a  comet 
shone  out  with  great  brilliancy. — (Bobertus,  Uistaria  HieroaclymiUma^  v.) 

IIOI. 

[34^0  Cn  Jan.  31a  large  comet  appeared  in  the  W.  after  sunset — 
(Mona/rchioR  Smicm  Synopsis  Chrondogica.) 

1 1 06. 

[347.]  A  splendid  comet  appeared  this  year.  It  was  first  seen  on 
Feb.  4,  within  i^  feet  of  the  Sun,  between  the  3rd  and  9th  hours  of  the 
day.  In  Palestine  it  became  visible  on  Feb.  7,  and  in  China  3  days  later. 
On  Feb.  7  it  was  in  the  beginning  of  the  sign  Pisces,  and  passed  by  the 
Northern  Fish,  the  southern  arm  of  Andromeda,  a,  /3  Arietis,  and  the 
Pleiades,  to  the  Hyadea  The  comet  remained  visible  for  7  or  8  weeks, 
and  had  a  tail  63°  long. — (Matthew  Paris,  ffistoria  Major ;  Qaubil ; 
Ma-tuoan-lin ;   and  many  others.) 
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1 109. 

[348.]  In  December  a  comet  appeared  near  the  Milky  Way,  with  a 
tail  pointing  towards  the  S. — (Hemingfort,  Chronica,  L  33.) 

mo. 

[349*]  ^^  ^^7  29  a  comet,  with  a  tail  6^  long,  was  seen  in  the 
Northern  Fish  and  the  horns  of  Aries.  It  went  northwards  towards  the 
Pole,  and  then  became  visible  throughout  the  night,  and  ultimately 
disappeared  in  the  R  A.  of  about  4k—  {Chronica  Beffia,  S.  Fantaleoma; 
Ma-tuoan-lin.) 

1113- 

[350.]  A  great  comet  appeared  in  May. — (Matthew  Paris,  Historia 
Major  ;  Matthew  Westminster,  Florea  HiaUyiwrwrn.) 

1 1 14. 

[351.]  A  comet  at  the  end  of  May.  It  lasted  several  nights,  and  had 
a  long  tail. — (Henry  of  Huntingdon,  Historia;  Annales  Wa/i>erleiense8.) 

1115. 

[352.]  An  extraordinary  star  in  April — May,  near  a,  /3,  y  Leonis.  It 
had  a  long  tail — (De  Mailla,  viii.  377  ;  Annales  De  Margcm.,.a  tempore 
S.  Edwa/rdi  Gonfeas,)  Probably  a  comet,  though  no  mention  is  made 
of  movement. 

1 1 25. 

[353-]  -A.  comet  preceded  the  death  of  Uladislas,  king  of  Bohemia. — 
(Dubravius,  Hietoria  Bqjemicay  xi.) 

1 1 26  (i). 

[354-]  I^  June — July  a  large  comet  was  seen  within  the  circle  of  per- 
petual apparition.  It  passed  from  a  Herculis  towards  6,  <f>  Ursa  Majoris. 
— (De  Mailla,  viii.  443.)  These  Chinese  positions  will  not  harmonise 
with  the  statement  of  the  Latin  historians  (Sicardus,  Chronicon,  ifjc), 
unless  we  suppose  the  comet  to  have  been  in  Ursa  Major  at  the  end  of 
July,  or  even  at  the  beginning  of  August — (Pingf6,  i.  392.) 

1 1 26  (ii). 

[355*]  I^  ^^6  moon  beginning  on  Dec.  15  a  great  comet  was  seen  in 
China,  near  the  horizon. — (De  Mailla,  viii.  447  ;  Ma-tuoan-lin.) 

1131. 
[35^]     Iq  September— October  a  great  star  appeared. — (Ma-tuoan-lin.) 
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1 1 98. 

[371.]  In  Noyember  a  comet  appeared  for  15  days.  It  annoanoed 
the  death  of  king  Richard  I  of  England. — (Badulphoa  Goggeahale, 
Chronicon  AngUccmum.)     Richard  died  on  April  6,  1199. 

1 203.* 

[372.]  Between  July  28  and  Aug.  6  an  extraordinary  star  was  seen 
in  the  S.E.  in  the  division  /*'  ScorpiL — (Biot) 

1204. 

[373.]  In  the  year  of  the  capture  of  Constantinople  by  the  Latins  a 
great  comet  appeared. — (Sicardus,  Chromcan.) 

1208. 

[374.]  A  comet  appeared. — (Chronicon  Weichen8tephenen9e,)  A  bril- 
liant star  like  a  fire  appeared  after  sunset  for  2  weeks ;  the  Jews  r^parded 
it  as  a  sign  of  the  approach  of  the  Messiah. — (Caesar  Heisterbacensis, 
Excerpta  ffistoriarumri  Memorabiliwn.) 

1211. 

[375]  I^  May  a  comet  was  seen  for  18  days  in  Poland. — (Cromenia, 
Poloniaj  viL) 

1214. 

[376.]  In  March  2  terrible  comets  were  seen. — (Boethius,  Scotorum 
Historia,  xiiL)  No  doubt  a  single  comet  with  a  considerable  north 
declination,  which  would  accord  with  the  statement  of  one  comet  pre- 
ceding and  the  other  following  the  Sun.  One  author  associates  the 
comet  with  a  solar  eclipse  which  happened  in  1215. 

1217. 

[377*]  ^'  ^^  the  autumn,  after  sunset,  we  saw  a  beautiful  sign ;  a  star 
which  soon  sank  below  the  horizon.  This  star  was  turned  towards  the 
south,  pointing  a  little  westwards.  Its  position  faced  the  crown  of 
Ariadne." — (Conradus,  Abbates  Urspergensis,  Chronicon,)  Pingr^  under- 
stands the  above  expression  to  mean  that  the  comet's  azimuth  was  as 
much  W.  of  S.  as  that  of  Corona  Borealis  was  W.  of  N. — {ComH.  L  398.) 

1222. 

[378.]  In  the  months  of  August  and  September  a  fine  star  of  the  ist 
magnitude,  with  a  large  tail  appeared.  When  first  seen  it  was  near  the 
place  where  the  Sun  sets  in  December. — (AnncUea  WaverleienseSf  etc.)     It 
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was  observed  in  China  between  the  feet  of  Virgo,  Arcturus,  and  Coma 
Berenicis.  It  disappeared  on  Oct  8. — (GaubiL)  On  Sept  25  it  came 
from  17  Bootis.  The  tail  was  30°  long.  The  comet  traversed  the  3rdy  4thy 
and  5th  sidereal  divisions  (or  a,  /3,  &c.  Librse,  /3,  b,  &c.  <r,  a,  &c.  Scorpii), 
and  then  perished,  after  remaining  in  sight  for  2  months. — (Ma-tuoan-lin.) 
With  this  comet  we  lose  the  invaluable  guidance  of  this  able  Chinaman. 

1223. 

[379.]  Early  in  July  a  comet  appeared  in  the  western  heavens  in 
the  evening  twilight  It  was  looked  upon  as  the  precursor  of  the  death 
of  Philip  Augustus,  king  of  France. — {Chromque  de  Frcmce,)  Most 
probably  HaUei/s  comet. — (Hind.) 

1230. 

[380.]  A  comet  appeared. — (Dubravius,  Historia  Bqjemica^  xv.)  On 
Dec.  15  an  extraordinary  star  appeared  between  Ophiuchus  and  Serpens, 
below  the  stars  F  and  D  in  the  head  of  Cerberus.  On  March  30,  1231, 
it  had  disappeared. — (Biot.) 

1232. 

[381.]  On  Oct.  17  a  comet,  10°  long,  was  seen  in  the  E.  to  the 
S.  of  a,  C  Virginis.  On  the  1 2th  day  of  its  apparition  it  was  20°  long. 
On  the  1 6th  day  it  was  close  to  the  Moon.  On  the  27th  day,  at  the  5th 
watch,  it  reappeared  in  the  S.E.,  and  was  40°  long;  it  was  finally  lost 
sight  of  on  Nov.  14. — (De  Mailla,  ix.  173  ;  Gaubil.)  It  began  to  dis- 
appear on  Dec.  2. — (Biot.)  The  date  Nov.  14  is  determined  by  Pingr^, 
but  it  seems  open  to  question.  It  must  be  added  that  Biot  states  that  it 
(the  comet)  was  not  seen  on  the  '^  i6th  day"  during  the  moonshine: 
he  likewise  doubts  whether  the  "  1 2th  day  "  (and  consequently  the  other 
days)  means  that  day  of  the  moon  or  of  the  comet's  apparition  ;  Pingre 
says  the  latter,  "  sans  doute." 

1239. 

[382.]  A  comet  was  seen  in  February. — {Monarchim  Smicas  Synopsis 
Chronologica.)  Shortly  after  the  birth  of  Edward,  son  of  Henry  III  of 
England,  at  the  commencement  of  1238,  a  splendid  comet  appeared  for 
several  days  before  sunrise. — (Polydorus  Virgilius,  Anglica  Historicck^  xvi.) 
Edward  was  certainly  bom  in  1239,  so  no  doubt  the  Chinese  date  is  the 
correct  one. 

1240. 

[3^3*]  Cn  Jan.  25  a  comet  was  seen ;  at  the  end  of  that  month  it 
was  observed  in  the  W.  During  February  it  continued  to  appear  in  the 
same  quarter  of  the  heavens,  its  tail  pointing  to  the  £. — (Rolandinus, 
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Ckronioonj  v.  i.)  In  China  the  comet  was  seen  near  (or  in  the  divinon  of) 
a  and  p  Tegasi ;  on  Feb.  23  it  passed  to  the  S.E.  of  a  and  fi  CHminjpmm, 
On  March  31  it  began  to  disappear. — (Biot.) 

1250. 

[384.]  A  comet  appeared  in  December,  about  the  time  of  the  death 
of  the  Emperor  Frederick  II. — {Geata  Trevirensium  Archiepiaeoporum^ 
No.  266.) 

"54. 
[385]     I^    November    a    comet    appeared.      (Petrus    Pictaviensis, 
ChroniccL) 

1262. 
[386.]     A  comet  appeared   for  seyeral  months. — (Crusios,  Annales 
Sfieviciy  III.  ii.) 

1263. 

[387.]  In  July — ^August  a  comet  was  seen  in  the  E. — (Qassarus, 
AnncUes  Augustburgensea,)     Of  doubtful  authenticity. 

1265. 

[388.]  A  comet  appeared  at  the  beginning  of  autumn  and  lasted  till 
the  end  of  that  season.  It  was  visible  from  midnight. — (Ckrcnicon 
MeUicetiae.)  It  was  first  seen  in  September. — (Franciscus  Pipinus, 
Ckronicon,)  It  is  just  possible  that  there  were  2  comets  this  year ; 
one  visible  July — September,  the  other  September — November. 

1266. 

[389.]  In  August,  before  daybreak,  a  comet  was  seen  near  the  sign 
Taurus. — (Gregoras,  Iliatoria  Byzantina.)  A  total  visibility  of  3  months 
may  be  inferred. 

1269. 

[390.]  In  the  20th  year  of  the  reign  of  Alexander,  king  of  Scotland, 
a  very  fine  comet  appeared  towards  noon  [sub  meridiemJ.-^Boethiua, 
Scotormn  Hiataria,  xiii.)  *  Towards  the  S.'  would  be  a  good  rendering. — 
(Pingr6,  i.  415.)  It  was  observed  in  the  E.  in  August  and  September. — 
(Malvecius,  Ckronicon  Brixienae,  VIII.  Ixxviii.) 

1273. 

[39'']  ^°  ^^*  5  A  ^^"^  ^^^^  appeared  in  the  Hyades.  It  moved 
through  Auriga  past  B,  ^,  v  Ursse  Majoris,  c,  0-,  p  Bootis  to  Arctums,  and 
remained  visible  3  weeks.— (Gkiubil.) 
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1274. 

[392.]  Three  days  before  the  death  of  Thomas  Aquinas,  a  comet 
appeared. — (Guillelmus  De  Thocus,  Vita  Thomas  AqimuUy  x.  60.) 

1277. 
[393*]     ^^  March  9  a  comet,  4^  long,  was  seen  in  the  N.E. — (Gktubil.) 

1285. 

[394.]  In  this  year  a  great  comet  appeared ;  its  tail  pointed  towards 
the  N.W. — (Ptolomseus  Lucensis,  ffistoria  Ecdesiaatieay  XXIV.  xvii.) 
On  April  5  a  very  brilliant  star  was  seen. — (Pontanus,  Bohemia  Pia,  i.) 

1293  ^  1^94* 
[395*]     I^  ^^^*  1293  or  Jan.  1294  a  comet  was  seen  in  the  circum- 
polar  regions  ;  it  passed  through  the  square  of  Ursa  Major. — (Couplet ; 
Gkubil.)     On  Nov.  7,  1293,  a  comet  appeared  as  above.     It  was  1°  long, 
and  lasted  a  moon. — (Biot.) 

1298. 

[396.]  Celestial  signs  announced  the  death  of  Beomond,  Archbishop 
of  Treves  [ob,  Dec.  9,  1299].  In  the  preceding  year  a  comet  was 
seen,  during  1 2  consecutive  nights,  at  about  the  3rd  hour  of  the  night. 
Its  head  was  in  the  N.  and  its  tail  trended  southwards. — (Gresta 
Tremren^ium  Archiepiscoporvm) 

1 301  (ii). 

[397.]  Before  Christmas  a  comet  was  seen  in  the  W.  after  sunset. 
It  set  before  midnight,  and  lasted  15  da3rs.  On  Dec  i  it  was  in 
Aquarius  and  Pisces. — (Ricobaldus,  CompiUuio  Chronologica.) 

1304- 
[398.]  On  Feb.  3  a  comet  was  seen  near  a  and  fi  P^asi ;  it  passed 
towards  the  circumpolar  regions,  and  by  the  tail  of  Cygnus  and  Cepheus ; 
it  lasted  1 1  weeks. — (De  Mailla,  ix.  483.)  Its  tail  was  more  than  1°  long, 
and  pointed  towards  the  S.E.  when  discovered;  afterwards  it  pointed 
towards  the  N.W.  On  Feb.  3  it  was  in  the  nth  degree  of  a  Pegasi ; 
it  subsequently  swept  ir  Cygni,  x  Andromedse,  and  entered  the, circumpolar 
regions. — (Biot.) 

1305- 
[399.]     Three  days  before  and  3  days  after  Easter,  or  from  April  15 
to  April  21,  a  long  tail  was  seen. — (Bothonis,  Chfromca  Brummoicetuea.) 
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[400.]  From  April  13  or  20  a  comet  was  seen  near  the  feet  of 
Gemini.  It  remained  visible  a  fortnight.— (Biot;  Qaubil ;  Mussatos, 
Historia  Augtutctf  xv.  4.) 

1314. 
[401.]  In  October  [)]  a  comet  appeared  in  the  latter  part  of  [the 
sign  1]  Virgo,  towards  the  N. — (Paulus  Cygnseus,  Chranicon  Citizense.) 
The  accounts  are  very  vague  and  contradictory.  One  writer  dates  its 
visibility  from  May  i,  and  says  that  it  lasted  6  months. — (Pontanus, 
Historia  Gelrica,  vi.) 

1316- 
[402.]  On  Oct.  29  a  comet  was  discovered  in  the  region  lying  around 
/3  Leonis.  On  Nov.  28  it  was  in  the  circumpolar  regions.  It  then 
traversed  the  sidereal  division  of  Corvus,  and  passed  to  the  square  of 
Pegasus.  It  remained  in  sight  till  March  11,  131 6. — (Gaubil;  Biot.) 
European  writers  say  that  2  comets  were  visible  from  Dec.  13 15  to 
Feb.  1 3 16.  The  first  was  much  larger  than  the  second. — (Hegecius, 
De  SteUd  Novd  anni  157 1,  <fec.)  The  N.  P.  D.  of  the  larger  one,  on 
Dec.  25,  at  17^,  was  18®  38';  on  Jan.  15,  at  17**,  it  was  only  9°  49'. — 
(Mussatus,  De  Geatis  ItaUcorum,  vii.  14.)  Those  who  speak  of  the 
second  comet  say  that  it  appeared  in  the  E. — {Chranicon  Rolomagense.) 
Can  it  be  that  after  all  there  was  only  i  comet  1 

1334. 
[403.]     In  August  a  comet,  with  a  tail  *ji  feet  [degrees  1]  long,  was 
Beeu.'^^Mona/rchicB  Sinicce  Synopsis  Chronohgica.) 

1337  (")• 
[404.]     A  comet  was  seen  in  Cancer  during  the  visibility  of  the  Great 
Comet  of  this  year.     It  lasted   2  months. — (Giovani  Villani,  Chronidis, 
XI.   Ixvi.)     The    Great   Comet   was   visible    for   3   months    or   more, 
from  May. 

1338- 
[405.]  On  April  15  a  comet  was  discovered  ;  the  Sun  being  then  in 
Taurus,  the  comet  was  in  Gemini.  Its  movement  was  from  W.  to  E. 
with  a  N.  declination.  It  followed  the  Sun,  and  set  about  midnight.  On 
April  17  it  was  in  24**  of  Gkmini.  From  a  note  by  Friar  Giles  it 
appears  that  its  latitude  was  then  17^  or  18°  N.  It  remained  in  sight  a 
fortnight  or  more. — (Chronicon  Botomagenae,) 
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1340. 

[406.]  On  March  24  a  comet  was  discovered  in  Scorpio.  '^  When 
first  seen  it  was  in  the  latter  part  of  Libra ;  then  it  retrograded  at  the 
rate  of  5°  a  day,  till  it  came  to  Leo,  where  it  disappeared."  It  was  visible 
32  days. — (De  Mailla,  ix.  576  ;  Gktubil ;  Gregoras,  Hiatoria  ByzcmtinOy 
XI.  vii.  5.)  Biot*8  chronicler  states  that  this  comet  was  in  shape  like  a 
hale  of  cotton  1 

1345- 
[407.]     At  the  end  of  July  a  comet  appeared  near  the  head  of  Ursa 
Major  y  it  advanced  day  by  day  to  the  zodiac,  and  when  it  reached  the 
latter  part  of  the  sign   Leo,   where  the   Son  was,  it  disappeared. — 
(Gregoras,  Hiatoria  Bj/zantina,  XV.  v.  6.) 

1347- 
[408.]     In  the  reign   of  Louis   of  Bavaria  a  comet   appeared   for 
2  months.     In  Italy  it  was  seen  during  15  days  in  August  in  16°  of 
Taurus,  and  the  head  of  Medusa. — (Chronicon  I^v/rembti/rgenae.) 

1356. 
[409.]     On  Sept.  21  a  comet  was  seen  at  17°  10'  of  the  constellation 
Tchang  [0,  ft,  X,  v,  ic  Hydrae]  ;  it  remained  visible  till  Nov.  4. — (Gaubil.) 
When  discovered  it  was  as  bright  as  a  Leonis,    and  was  in  17°  10'  of 
V  HydrflB. — (Biot.) 

1360. 

[410.]  A  comet  was  seen  in  the  E.  for  a  few  days  from  March  25. — 
{Chronicon  Ztoetlense  ;  De  Mailla,  ix.  633.) 

1362  (ii). 
[411.]  On  June  29  a  comet  was  seen  in  the  circumpolar  regions 
with  an  R.  A.  2°  90'  (sic)  greater  than  /3  Capricomi  [Biot,  9°iVV]* 
It  went  to  the  S.W.,  and  on  Aug.  2  had  disappeared,  having  lasted 
5  weeks.  Its  tail  was  i  foot  [or  degree]  long. — (Gkiubil.)  De  Mailla 
says  that  the  comet  appeared  near  a  and  /3  Capricomi,  and  that  its  tail 
was  more  than  100  feet  long. — (Hist  Gen,  ix.  640.)  This  account  is 
altogether  irreconcilable  with  Gaubil's.  Can  there  have  been  3  comets 
this  year,  or  does  not  De  Mailla  rather  refer  to  the  first  comet,  the 
orbit  of  which  has  been  calculated,  and  therefore  appears  elsewhere  ? 

1363- 
[412.]     On  March  15  a  comet  appeared  in  the  E.  for  a  month. — 
(Biot.) 
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1368. 

[413.]  In  February,  March,  and  April,  a  comet  appeared  in  the 
evening  in  the  W.  or  N.W.  to  the  N.  of  the  Pleiades. — (Couplet; 
Walsingham,  Hiatoria  Anglica.)  On  Feb.  7  a  comet  was  seen  between 
the  divisions  of  the  Pleiades  and  Hyades.  On  April  7  a  comet  was  seen 
in  the  N.W.  between  t,  «,  p  and  a,  y,  17  Persei ;  the  tail  was  8°  long, 
and  pointed  towards  3,  v,  ^  Ursffi  Majoris.  It  ultimately  disappeared 
to  the  N.  of  a  and  /3  Aurigss. — (Biot.) 

1371. 
[414.]     On  Jan.  15  a  very  great  comet  was  seen  in  the  N.     Its  tail 
was  directed  towards  the  S. — (Bonincontrius,  Annales,) 

1373. 
[415.]     In   April — May,   3  comets  entered  the  circle  of  perpetual 
apparition. — (Biot.) 

1376.* 

[416.]  On  June  22  a  great  comet  appeared  in  c,  ^,  17  Ceti ;  it 
traversed  d,  €,  fL,  v  Piscium,  ¥  Persei,  entered  the  circle  of  perpetual 
apparition,  swept  6,  v,  ^  Ursse  Majoris,  and  directing  itself  towards 
d,  c,  9r,  p  Draconis,  entered  the  sidereal  division  of  y^  or  39  Hydras.  It 
disappeared  on  Aug.  8. — (Biot ;  Gaubil.) 

1380. 

[417.]  On  Nov.  10  a  comet  appeared. —  (Cygnaeus,  Chratiioon 
Citizense.) 

138a  (i). 

[418.]  On  March  30  a  comet  appeared. — (Bothonis,  Chronican 
Brtmawicerue.) 

1382  (ii). 

[419.]  On  Aug.  19  a  comet  appeared  in  that  part  of  the  heavens 
where  the  Sun  sets  in  June.  It  lasted  for  15  days,  and  was  seen  a  hours 
before  sunrise,  though  these  two  latter  statements  may  be  open  to  doubt. 
— {AnncUea  Vicentini) 

1382  (iii). 

[420.]  In  December  a  comet  appeared  in  the  W.  for  more  than  a 
fortnight. — (Walsingham,  Historia  Angli4M.) 

1388.* 

[421.]  On  March  29  a  star  came  from  the  division  y  Pegasi. — 
(Biot.) 
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1391- 

[4a  a.]  In  May  a  small  comet  appeared  near  the  stare  of  Urea  Major. 
Its  tail  was  not  very  bright. — {Annales  Foroliviensea.)  Blot  sa3rs  that 
a  comets  appeared  on  the  23rd  of  this  month ;  one  entered  the  circle  of 
perpetual  apparition  between  a  and  i  Draconis  and  passed  to  the  S.  of 
$  Draconis,  and  the  other  passed  by  the  N.  of  Camelopardus  and  swept 
the  Pole-star. 

1399- 
[423.]     In  November  a  star  of  extraordinary  brilliancy  was  seen ; 
its  tail  was  turned  towards  the  W. ;  it  lasted  only  a  week. — (Mezerai, 
Histovre  de  Frcmce,     Abridged  ed.,  Paris  1668.) 

1402  (i). 

[424.]  About  Feb.  8  a  comet  appeared,  which  afterwards  became 
very  brilliant,  so  much  so  as  to  be  visible  in  the  dajrtime.  It  lasted  till 
the  middle  of  April.  It  appears  to  have  been  in  the  S.W.  when  first 
seen,  setting  in  the  W.  At  the  beginning  of  March  it  was  in  Aries,  and 
was  seen  from  a^^  before  till  3^  after  sunset,  or  even  later.  Subsequently 
it  was  seen  in  the  N.W.  On  Palm  Sunday,  March  19,  its  size  was 
prodigious. — (Walsingham,  Histaria  Anglica ;  Poggius,  Historia  Floren- 
Hna;  Ebendorfferus,  Chronioon  Avstriacum,) 

1402  (ii). 

[425.]  From  June  to  September  an  immense  comet  was  visible  in  the 
W.— (Ducas,  Hiatoria  Byzcmtina,)  The  descriptions  are  long,  but  contain 
nothing  of  practical  value.  The  comet  was  visible  in  the  daytime,  and 
perhaps  it  attained  its  maximum  brilliancy  at  the  end  of  August.  This 
or  the  preceding  was  regarded  as  the  sign,  by  some  even  the  cause,  of  the 
death  of  John  Gallius  Visconti,  Duke  of  Milan. — {Armtdea  Foroliviensea.) 

1406. 

[426.]  Sometime  between  January  and  June  a  comet  appeared  in  the 
W.  for  several  nights. — {Chronica  Bremenses.) 

1407. 
[427.]     On  Dec.  15  a  comet  was  seen. — (Biot.) 

1408. 

[428.]  On  Oct.  16  a  comet,  or  something  like  one,  was  seen. — 
(Antonius  Petrus,  DiaH'mn  Romanum.) 
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1429  or  1430. 

[429.]  Preferably  the  latter.  A  terrible  comet  appeared  on  Aug.  24. 
— (Kaempfer,  Histovre  du  Ja/pon,  II.  v.)  Qaubil  mentions  a  great  star 
having  been  seen  for  a  week  in  October — November.  On  Sept.  9  a  great 
star  appeared  in  a,  /3  Canis  Minoris.  It  lasted  26  days. — (Biot.*)  On 
Nov.  14  an  extraordinary  star  was  seen  to  the  S.  of  d,  r ,  /i,  y  Piscium. 
It  went  to  the  S.E.,  traversed  t,  ^,  17  Ceti,  and  disappeared  in  8  days. — 
(Biot.*) 

1431- 
[430-]     On  May  15  or  27  a  comet,   50®  long,  was  observed  in  the 
division  of  ft  Geminorum. — (Qaubil ;  Biot.) 

1432. 
[431*]  On  Feb.  2  a  comet,  about  10°  long,  appeared.  It  swept  the 
r^on  near  a  Cygni,  and  went  to  the  S.E.  On  Feb.  1 2  it  began  to 
disappear.  On  Feb.  29  another  comet  [doubtless  the  same  after  its  PP] 
became  visible  for  17  days.— (Biot.)  It  lasted  8  days,  and  its  tail 
pointed  from  E.  to  N.-^Michovius,  Chronica  Pohnoru/m,  IV.  xlvii.) 

143^- 
[432.]     James  I,  of  Scotland,   was  assassinated  on  Feb.  20,  1437. 
During  the  previous  autumn  a  comet  was  seen. — (Boethius,  ffistoria 
Scotorvan,  xvii.) 

1439  (i)- 
[433*]     On  March  25  a  comet  was  seen :  it  traversed  Hydra,  Leo,  and 
Cancer.     On  April  2  it  had  a  tail  5^  long. — (Biot.) 

1439  (ii)- 
[434.]  On  July  12  a  comet,  about  10°  long,  appeared  near  the  Hyades 
for  7  weeks.  It  pointed  to  the  S.W. — (Biot.)  Perhaps  the  preceding, 
after  its  PP.  A  comet,  lasting  i  month,  was  seen  this  year  in  Poland, 
between  the  W.  and  the  S. — (Dlugossus,  Historia  PoUmica,  xii.)  In 
Japan  also  a  comet  was  seen. — (Kaempfer,  Hiatoire  du  Japon,  II.  v.) 

1444. 
[435.]  A  comet  appeared  about  the  time  of  the  summer  solstice :  on 
June  15,  according  to  others. — (O.  Fabricius,  Eerum  MemorabiUum  Grer- 
manicB.)  On  Aug.  6  a  comet,  10°  long,  was  seen  to  the  E.  of  /3  Leonis. 
It  became  longer  day  by  day  till  Aug.  15,  when  it  entered  the  sidereal 
division  of  a  Yirginis,  and  disappeared. — (Biot.) 
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1452. 

[436.]  In  March — April  a  comet  appeared  near  the  Hyades. — 
(Gauhil.)   On  March  5  a  comet  appeared  in  the  division  c  Tauri. — (Biot.) 

1453* 
[437*]     O^  ^^^-  4  <^  extraordinary  star  appeared  near  the  nebula  in 
Cancer.     It  went  slowly  westwards. — (Biot ;  Gaubil.) 

1454. 
[438.]     In  the  summer  a  comet  like  a  sword  became  visible  in  the 
evenings  after  sunset. — (Phranza,   Chronica  De  Rebu8  Conatantinopoli- 
tamia,  viii.) 

1457  (i). 
[439.]    At  the  commencement  of  the  year  a  comet  appeared. — (Pon- 
tanus,  Historia  Odncct,  ix.)     Between  Jan.  14  and  23  a  comet,  7°  long, 
appeared  in  the  division  of  the  Hyades.     It  went  to  the  S.W. — (Biot.) 

1467  (ii)- 
[440.]     In  June  a  comet  appeared  in  the  20th  degree  of  Pisces. — 
{Chronicon  Nwrtmbv/rgenaej  and  others.)     The  conclusion  seems  imavoid- 
able  that  there  were  2  comets  in  June,  and  that  this  is  not  identical  with 
the  one  computed  by  Hind. 

1458.* 

[441.]  On  Dec.  24  a  star  appeared  in  the  division  of  a  Hydrse ; 
it  went  to  the  W.  till  Dec.  27,  when  it  became  faint:  it  was  near 
a,  y,  C>  17  Leonis.  On  Dec.  31  it  had  a  tail  \°  long ;  it  "  attacked" 
X  (or  ^)  Cancri.  On  Jan.  12,  1459,  it  disappeared  in  the  division  of 
ft  Geminorum. — (Biot.) 

1458  or  1459. 

[442.]  Probably  the  former.  In  June — July  a  comet  appeared  in 
Taurus  (?).-^De  Mailla,  x.  236  ;   Rockenbackius,  Excerpta  Cometarvan,) 

1460. 

[443.]  James  II,  king  of  Scotland,  was  killed  on  Aug.  3,  1460. 
The  evening  before,  a  very  brilliant  comet  with  a  long  tail  was  seen. — 
(Boethius,  Historia  Scotorum,  xviii.) 

1461.* 

[444.]  On  July  30  a  white  star  appeared  near  k,  I,  9  Tauri  Ponia- 
towskii.  On  Aug.  2  it  transformed  itself  into  a  vapour,  and  disappeared. 
—(Biot.) 
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1463. 

[445.]  In  this  year  (no  month  assigned)  a  comet  was  seen  near 
r  and  V  Virginis.— (Gaubil.) 

1464. 
[446.]    In  the  spring  a  comet  was  seen  in  Leo. — (Qaubil.) 

1465. 

[447.]  In  March  and  April  a  comet  was  seen,  with  a  tail  30°  long,  in 
the  N.W. — (Biot ;  Kaempfer,  Histoire  du  Japon,  II.  v.) 

1467. 

[448.]  In  October  a  comet  was  seen  above  Pisces,  '^  as  if  it  had  been 
formed  in  Cancer."  Rainy  weather .  prevented  its  being  often  seen. — 
(Cfhranican  S,  jEgidii  Brwnswicenaia,)  Pingr6  does  not  seem  to  attach 
much  credibility  to  this  account. 

1468  (i). 
[449.]     On  Feb.  24  a  comet  was  seen  near  Ursa  Major. — (Gaubil.) 

1471. 

[450.]  In  the  autumn,  in  Poland,  a  very  great  comet  was  seen.  It 
rose  before  sunrise.  It  was  in  the  latter  part  of  Virgo  and  in  Libra,  and 
lasted  a  month.— -{Michovius,  Chronica  Folonortmiy  IV.  bdi.) 

1476. 

[451.]  From  Dec.  1476  to  Jan.  5,  1477,  a  small  comet  was  visible. — 
(Ripamontius,  ffistoria  Urbis  MedioUmensiSf  vi.) 

1477. 
[452.]     In  December  a  comet  appeared. — {Chronica  Boasiana.) 

1478. 
[453.]    In  September  a  great  comet  appeared-^C^rontoa  JBossiana.) 

M96* 
[454]     On  Jan.  7  a  star  was  seen  near  B,  p  Ophiuchi ;   it  travelled 
with  a  slow  motion  till  Feb.  20,  when  it  entered  the  division  of  a  Aquarii. 
—(Biot.) 

150a.* 

[455]     On  Nov.  28  a  star  appeared  near  Pyxis  Nautica.     From  the 
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diviflion  of  v^  Hydne  it  directed  itself  towards  that  of  a  Crateris.      On 
Dec.  8  it  disappeared. — (Biot.) 

1503- 
[456.]     At  about  the  time  of  the  Festival  of  the  Assumption  of  the 
Virgin  Mary  [Aug.  15]  a  comet  was  seen.     Its  tail  pointed  towards  the 
E,^^Chronic(m  Waldactasense,) 

1505- 
[457.]    A  comet  was  seen  in  Aries.     It  lasted  only  a  few  days. — 
(Mizaldi,  Cometographia.) 

16". 

[458.]  In  March  and  April  a  comet  appeared. — (Chromcan  MagdeinMr- 
genae.) 

1513- 
[459.]     From  Dec.   15 13  to  Feb.  21,   1514,  a  comet  was  visible. 
It  passed  from  the  end  of  the  sign  Cancer  to  the  end  of  that  of  Virgo, 
and  was  seen  all  night.^Vicomercatus,  CommentaHi  m  lib,  AristaUL 
Meteor,^  xlix.) 

1561. 

[460.]  The  death  of  Ferdinand  the  Catholic,  king  of  Arragon  (Jan. 
23)  was  announced  by  a  comet,  which  lasted  many  days. — (P.  Bizarus, 
ffistoria  Genuensia,  xix.  446.)  Others  say  that  the  comet  was  only 
visible  for  a  few  days. 

1518. 

[461.]  During  the  nights  preceding  April  6  a  pale  comet  was  seen 
above  the  citadel  of  Cremona. — (Cavitellius,  Annalea  Cremanenses,) 

1520. 
[462.]     In  February  a  comet  appeared. — (Biot.) 

1521. 
[463.]  In  April  a  comet  with  a  short  tail  appeared  in  the  latter  part 
of  Cancer.  — (Vicomercatus,  CommenL  in  AriatoL  xlix ;  Lubienitzki) 
Month  and  position  depend  only  on  modem  authority.  On  Feb.  7  a 
star  appeared  in  the  S.E. ;  it  was  6°  or  7°  long :  it  went  from  E.  to  W., 
and  divided  itself.— (Biot.  "i")  Qaubil  alludes  to  this,  but  his  description 
was  supposed  by  Pingr^  to  belong  to  Jupiter. 

1522. 

[464.]  A  comet  was  seen  in  the  W. — (Mizaldi,  Cometographiay  II.  xL) 
No  month  given. 
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1623- 

[465.]     In  July  a  comet  was  seen  near  a  Ophiuchi.— (Biot.) 

1529.* 

[466.]  In  February  a  long  star  traversed  the  sky.  This  phenomenon 
renewed  itself  in  August. — (Biot.)  European  writers  mention  a  comet  in 
August,  but  Pingr^  considers  their  descriptions  to  belong  to  an  aurora. — 
(0<m€t,  i.  486.) 

163^- 

[467.]  On  Nov.  30  a  comet  was  seen.— (Conradus  Urspergensis, 
Chromcon.) 

1532. 

[468.]  A  comet  appeared  in  the  spring. — (Qaubil.)  On  March  9 
a  star  with  a  tail  appeared  in  the  S.E.  After  19  days  it  disappeared. 
—(Biot.*) 

1534- 
[469.]    A  comet  appeared  in  July. — (Gavitellius,  Annales Cremanenses.) 
On  June  12a  star  was  seen  near  ir  Cygni,  k  Andromedse,  &c. ;  it  passed 
by  6  Andromedse,  and  entering  y,  f ,  o,  ir  Cassiopeiie,  disappeared    after 
24  days. — (Biot.*) 

153^-* 
[470.]     On  March  24  a  star  was  seen  near  ^3,  y  Draconis.     It  went 
eastwards,  and  passing  to  the  W.  of  d,  c,  ir,  {  Draconis  came  to  the  Milky 
Way,  and  disappeared  on  April  27. — (Biot.) 

1538. 
[47 1.]     On  Jan.  1 7  P.  Apian  saw  a  comet,  with  a  tail  30**  long,  in  5°  of 
Pisces,  with  a  latitude  of  17°  N.     On  the  22nd  Gemma  Frisius  observed 
it  in  9°  of  Pisces,  with  a  latitude  of  1 1**  N. — (Pingr6,  Comet,,  i.  495.) 

1539- 
[472.]  On  April  30  a  comet,  with  a  tail  3°  long,  was  seen.  It  re- 
mained visible  for  3  weeks,  and  swept  a  and  y  Leonis. — (Biot,  &c.)  On 
May  1 1  (1)  Gemma  Frisius  observed  it  in  5^  of  Leo,  with  a  latitude  of 
12°  N.  On  May  17,  at  10^  in  the  evening,  its  position,  according  to 
Apian's  observations  reduced  by  Pingr^  was  20°  of  Leo,  with  a  latitude 
of  4^°  S. — (Pingr^,  Comet,,  i.  500.) 

1545. 
[473.]     A  comet  was  seen  for  several  days.     No  month  is  given. — 
(Aretius,  Brevis  Cometarum  ExpltcctHo,)    On  Dec.  26  a  comet  appeared 
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near  /3,  y  Draconis  ;    it  entered  the  division  of  d  Sagittarii,  and  returned 
to  the  N.E.     It  disappeared  at  the  end  of  the  moon.^Biot.) 

1554. 
[474.]     On  July   23   a  comet  was  seen,  which    passed    from  d  to 
6,  V,  <f>  UrssB  Majoris.     It  lasted  4  weeks. — (Biot.) 

1557. 
[475.]     In  October,  the  Sun  being  in  Libra,  a  comet  was  seen  in  the 
W.,  in  Sagittarius. — (Camerarius,  Cometce.)    On  Oct.  22  it  was  seen  near 
X  Ophiuchi,  and  pointed  to  the  N.E.     It  lasted  till  the  next  moon. — 
(Biot.) 

1560. 

[476.]  In  December  a  comet  appeared  for  a  month. — (J.  A.  Thuanus, 
HistoricB  sui  temporisy  xxvii.  11.) 

1569- 
[477.]     In  November  a  comet  was  seen  in  Ophiuchus  and  in  the  signs 
Sagittarius  and  Capricomus.      Its  movement  in  longitude  equalled  the 
extent  of  these  2  signs,  and  it  remained  visible  till  Nov.  19. — (Kepler, 
De  CoTnetis,  114.)     It  lasted  from  Nov.  9  to  Nov.  28. — (Biot.) 

1578.* 
[478.]  On  Feb.  22  a  star  as  large  as  the  Sun  appeared. — (Biot.) 
European  writers  mention  a  comet  and  a  hairy  star,  the  latter  on  April  i. 
As  Tycho  Brahe's  comet  of  1577  remained  visible  till  January  1578, 
Pingr^  thinks  that  that  is  the  object  described  as  the  comet  of  1578  :  the 
hairy  star  of  April  he  considers  to  have  been  a  meteor. 

1584.* 
[479']     ^°  J^V  I  ft  s^r  appeared  in  the  division  of  n  Scorpii. — (Biot.) 

1591. 

[480.]  On  April  3  a  comet,  1°  long,  was  seen.  It  traversed  Pegasus 
and  Aries,  increasing  in  length  to  2°.  On  April  13  it  entered  the  division 
of  /3  Arictis. — (Biot.) 

1604.* 
[481.]     On  Sept.  30  a  large  star  like  a  ball  appeared  in  the  division 
of /i' Scorpii.     It  vanished  in  the  S.W.  in  November.    On  Jan.  14,  1605, 
it  reappeared  in  the  S.E.     About  March  it  became  dim. — (Biot.) 
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1609.* 

[482.]     A  great  star  appeared  in  the  S.W. — (Biot.) 

1 6 18  (ii). 

[483.]  Between  Nov.  10  and  26  a  comet  was  seen  by  Figaeroes  at 
Ispahan,  coincidentlj  with  the  apparition  of  Comet  iii  of  this  year.  In 
consequence  of  the  comet's  southerly  motion  the  head  was  not  generally, 
if  at  all,  seen  in  Europe— only  the  taiL  Kepler  and  Blancanus  were  the 
chief  observers  who  saw  the  latter.  Kepler  guessed  that  on  Nov.  10  the 
nucleus  was  in  16°  of  Scorpio,  with  a  latitude  of  8°  S. ;  and  that  on 
Nov.  20  it  was  near  the  head  of  Centaur.  At  Rome  the  tail  was  seen  to 
be  40°  long  on  Nov.  18.  It  was  last  seen  on  the  29th.  The  observers 
(Jesuits)  note  that  in  1 1  days  the  proper  motion  of  the  tail  caused  it  to 
pass  over  24°  from  Crater  towards  a  Hydne. — (Pingr6,  GomJ^t,  ii-  67-)  I* 
may  be  well  to  mention  here  that  Mr.  Cooper,  in  his  valuable  Conietic 
Orbits  (p.  77),  appears  to  have  fallen  into  a  mistake  relative  to  the  comets 
of  this  year,  which  others  have  copied.  He  gives  the  elements  of  the 
iiii^  comet,  and  appends  notes  referring  to  the  ii^^  and  iii^^  as  if  they 
were  one  and  the  same  object. 

1619. 

[484.]     In  February  (?)  a  comet  was  seen  in  the  S.  £. :    it  was  long. 

—(Biot.) 

1625. 

[485.]  From  Jan.  26  to  Feb.  12  a  comet  was  observed  by  Schickhardt 
in  Eridauus  and  Cetus. — {AstrononUsche  Nachrichten,  No.  31.  April 
1823.  Vol.  ii.  p.  1 01.)  It  was  Olbers  who  rescued  this  comet  from 
oblivion. 

1628. 

[486.]  A  comet  appeared,  mentioned  by  Hipamontius.  —  (Astronomische 
Nachrichten,  No.  277.     April  29,  1839.     Vol.  xii.  p.  215.) 

1630. 

[487.]  A  comet  appeared  :  also  mentioned  by  Hipamontius,  and  by 
him  associated  with  a  pestilence. — {Astronomische  Nachrickten,  No.  277. 
April  29,  1839.     Vol.  xii.  p.  215.) 

1639. 

[488.]  On  Oct.  27  a  comet  with  a  small  tail  was  seen  in  Canis  Major 
by  Placidus  de  Titis. — (Astronomische  Nachrichten,  No.  171.  January 
1830.  Vol.  viii.  p.  57.)  In  the  autumn  a  comet  was  seen  in  the  division 
of  d  Ononis. — (Biot.) 
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1640. 

[489.]     On  Dec.  la  a  comet  was  seen. — (Blot.) 

1647. 

[490.]  On  Sept.  29  a  comet  was  seen  soon  after  sunset  in  Coma 
Berenicis.  Its  longitude  was  188°  and  its  latitude  +  26°.  It  was 
1 2°  long  and  lasted  one  week,  traversing  Bootes,  northwards  of  Arcturus 
to  Corona  Borealis,  in  a  line  sensibly  parallel  to  the  equator. — (Hevelius, 
Cometoffraphia,  463.) 

1699  (ii)- 
[491.]     On  Oct.  26  Gk>defroi  Kirch  observed  a  faint  comet  in  the  poop 
of  Argo  ;  in  longitude  122°  34',  and  latitude  —40®  38'.    It  was  visible  to 
the  naked  eye,   and   its  motion   was  sensibly  southwards.     Kirch  was 
unable  to  find  it  on  any  subsequent  night. — {MisceU,  BeroUn,  v.  50.) 

1702  (i). 

[492.]  Numerous  navigators  in  the  southern  hemisphere  report  seeing 
a  comet  between  Feb.  20  and  March  i.  On  Feb.  28  the  tail  was  43° 
long.  At  8  P.M.,  in  latitude  15°  10'  N.,  and  longitude  116°  45'  W.  of 
Teneriffe,  the  comet  bore  S.  of  W.  20°  30',  altitude  8°  40'.  On  all 
occasions  it  was  seen  in  the  evening,  after  sunset.  Maraldi  at  Rome  saw 
the  tail  for  several  days  at  the  end  of  February  and  the  beginning  of 
March. — (Struyck,  Vervclg  vcm  de  Beachryving  der  Staartsterren,  Am- 
sterdam 1753,  p.  50.) 

1733- 
[493-]     O^  ^^y  17  ^^^  '^  ^  comet  was  seen  by  several  navigators  off 
the  Cape  of  Good  Hope,  bearing  N. W.  ^W.     It  was  observed  for  more 
than  an  hour,  until  it  went  below  the  horizon. — (Struyck,  Vervolgy  p.  61.) 

1742  (ii). 

[494.]  On  April  1 1,  in  the  morning,  a  comet  was  seen  in  the  S.E.  by 
several  Dutch  navigators  at  sea  in  the  southern  ocean.  On  April  14  the 
tail  was  30°  long. — (Struyck,  Vervolg.) 

1748  (iii). 

[495-]  Cn  April  24  a  Dutch  navigator,  at  the  Cape  of  Good  Hope, 
saw  a  comet,  at  the  b^inning  of  Aries,  rise  in  the  £.  j^N.E.  at  4^  a.  m. 
This  is  probably  the  comet,  rendered  invisible  at  the  Cape  by  a  northerly 
motion,  which  Kindermannus  saw  on  April  28,  at  2^  a.  m.,  at  an  elevation 
of  S*^  above  the  horizon,  in  a  straight  line  with  (it  would  seem) 
d  and  17  Trianguli    and   the    brightest  star  of  Aries,  in  lon^tude  80°, 


416  Comets.  [Book  IV. 

latitude  +  28^  and  declination  +  50"*.  On  May  3,  between  11^  and 
midnight,  the  comet  was  near  Perseus,  and  circumpolar. — (Stmycky 
Vervclgy  p.  100.) 

1750. 

[496.]  Between  Jan.  21  and  25  Wargentin  observed  a  comet  below 
ff  and  0  Pegasi. — {Tahlea  Artronomiques  de  Berlin^  i.  35.) 

1783  (ii). 

[497 0  ^^  ^^*  '^>  1 7^3)  ^^  ^'  Herschel  observed  a  nebula  V^  pre- 
ceding h  Ceti,  and  |^°N.  of  that  star.  He  describes  it  as  '^  small  and 
cometic.**  In  his  son's  great  catalogue  of  1864  this  object  is  set  down 
as  reallj  a  comet,  not  having  been  since  found,  though  looked  for. 

1808  (i). 

[498.]  On  Feb.  6  Pons  discovered  a  small  faint  comet  between  the 
neck  of  Serpens  and  [''  la  languette  "  of]  Libra.  It  was  only  visible  for  3 
dajS)  becoming  lost  in  the  moonlight.  Its  movement  was  rapid  and 
towards  the  S. — {MontxUiche  CorreapondenZy  vol.  xviiL  p.  252.  AH, 
Ncush.,  No.  149,  vol.  viL     Jan.  1829.) 

1808  (iv). 

[499.]  On  July  3  Pons  discovered  a  comet  in  Camelopardus  :  it  was 
observed  only  on  that  night  and  July  5.  Its  position  on  July  3,  at 
igh  ^m  26*  Marseilles  M.T.,  was  R.A.  3**  10™  io«,  and  decl.  -f  56°  36': 
on  July  5  at  15*^  8™  58*  the  R.  A.  was  3^  31™  46",  and  decl.  -h  58®  19'. 
{MoncUUche  Correapondenz^  Yol.  xviii.  p.  249.) 

1839. 

[500.]  On  July  14  and  17  an  extremely  faint  comet  was  seen  at  the 
Roman  College.  It  was  in  Draco,  and  appeared  like  a  double  nebula,  or 
as  if  divided  into  2  branches.  The  following  positions  were  taken : 
July  14^  10^  1%  R.A.  12^9"*  41",  decl.  -f  70°  28-6';  July  17^10^6™, 
R.A.  1 1*»  50™  27»,  decl.  +  70"*  39-3'. — {Memoria..,ColL  Earn.,  1839, p.  3^-) 

1846  (ix). 

[501.]  On  Oct.  18  Hind  observed  a  comet  in  Coma  Berenicis  for 
more  than  an  hour.  Its  altitude  was  small,  and  being  in  the  morning 
twilight  it  was  never  seen  again.  Its  exact  position  at  16^  15™  11* 
G.M.T.  was  R.A.  ii^  59^  4911,  decl.  +14°  59'  32".  Its  motion  was 
increasing  in  R.A.  at  the  rate  of  about  4™  a  day,  and  diminishing  in 
decl.  at  the  rate  of  about  1 1'  a  day. —(i^ontA.  Not.  R.  A.S.,  vii.  162.) 
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1849  (iv). 

[502.]  On  Nov.  1 5,  at  sea,  in  the  S.  Atlantic,  a  comet  was  seen  from 
the  U.  S.  Ship  "  Maryland,"  with  a  nucleus  as  bright  as  Mars,  and  with  a 
tail,  curved  and  pointing  to  the  S.W.,  nearly  1°  long.  From  the  notes  of 
Captain  Homer,  Mr.  Hind  worked  out  the  following  position  :  at  9^  49°^ 
G.M.T.,  RA.  20»»  36-6%  decL-f  4"*  18'.— (ifoniA.  Not  R.A.S.,  x.  12a 
and  192.) 

1854  (iii). 

[503.]     On  March  16  a  bright  nebulous  object  was  seen  by  Brorsen. 

Its  position  at  8^"  15™  34*  Senftenburg  M.T.  was :  R.A.  2^  30"*  12",  and 

decl. -h  I®  11*2'. — {AstroncmMche  N<ichTichten\  897,  voL  xxxviii.     March 

27,  1854.) 

1856  (i). 

[504.]  In  January  a  comet  was  seen  in  the  N.W.  sky  at  Panama. — 
(Letter  in  the  Moraing  Herald,) 

1856  (ii). 

[505.]  On  Aug.  7  an  object,  supposed  to  be  a  comet,  was  seen  in 
Virgo  by  E.  J.  Lowe. — {Month,  Not,  R.A.S.,  xvii.  114.)  A  comet  was 
also  seen  at  Arequipa,  in  Peru,  for  a  fortnight  previous  to  Aug.  2 1  for 
2  hours  after  sunset. — (Letter  in  the  Times,  Oct.  8,  1856.) 

1859  (i). 

[506.]  In  Feb.  a  very  faint  comet  was  seen  by  Slater,  in  R.A. 
iih  ^^3m  ;  decl.  + 19°  49'.  He  saw  it  again  on  May  7  and  22,  when  it 
had  become  fainter,  not  being  visible  with  any  aperture  below  1 1 finches. 
Its  movement  was  very  slow;  and  seemed  to  be  in  a  northerly  direction. 
— {Month,  Not,  R.A.S.,  xix.  291.) 

1865  (ii). 
[507.]  Encke^s  comet.  This  object  was  discovered  by  Tebbutt  at 
Windsor,  N.  S.  W.,  on  June  24.  It  was  very  faiut,  and  was  seen  only  on 
that  occasion  and  on  June  29.  Its  observed  place  on  the  24th  is  noted  to 
have  differed  very  much  from  that  assigned  by  calculation. — {Ast.  Nach., 
1551.     Oct.  6,  1865.) 


OBJECTS  RECORDED  AS  NEBULJE,  BUT  WHICH  MAY  POSSIBLY 

HAVE  BEEN  COMETS. 

614  H.  R.A.  for  i860:  2l»44m6«:  decl.  -f  36°  55*7';  observed  by 
BesseL  Looked  for  and  not  found  by  D' Arrest,  who  supposes  it  to  have 
been  a  comet. 

E  e 


418  Comets. 

2094  H.  E.A.  for  i860  :  lo**  17*  5" :  decl.-f  270  43-9' :  observed 
by  Sir  J.  HerBcheL  Looked  for  6  times  and  not  found  by  Lord  Rosse. 
"  This  then  was  m  comet  or  a  lost  nebula." 

50  13  IIL  On  March  19,  1784,  Sir  W.  Herschel  observed  an  ex- 
ceedingly faint  nebula,  ^^  15%  following  45  Canum,  and  4^  south.  Sir 
J.  Herschel  states  that  he  has  found  a  memorandum  that  this  nebula  is 
lost,  and  was  probably  a  comet. 

3550  H.  R.  A.  for  i860  :  13**  21"*  13*  :  decl.-f  6*  43'4' :  observed 
by  D'Arrest,  but  ''not  found  again  on  Feb.  19,  1863.  Sky  perfectly 
clear.     Perhaps  a  comet.** 

HeveliuSy  in  his  Frodromua  Agbronomimy  states  that  he  once  saw  in  the 
head  of  Hercules,  near  a,  a  nebula.  This  was  searched  for  unsuccessfully 
by  Messier.  The  nearest  object  is  901  ^  II,  but  this  would  be  quite 
beyond  the  reach  of  the  telescopes  used  in  the  time  of  Hevelius,  so  it 
must  have  been  a  comet  that  he  saw. — (Smyth,  Cyde^  ii.  385.)  I  have 
not  succeeded  in  recovering  this  statement. 


Hind,  in  the  Compcmion  to  the  Almanac  for  i860,  refers,  under  the 
years  a.d.  533,  577,  622,  660,  673,  674,  and  742  (or  743),  to  objects 
which  it  is  hardy  possible  were  comets :  this  is  the  utmost  that  can  be 
said.     In  the  same  category  stands  an  object  dated  by  Pingrd  for  1 174. 


BOOK    Y. 


CHORONOLOGHC^AJL.     ASTRONOMY. 


CHAPTER    I. 

What  Time  tt.^Tke  Sidereal  Day.—IU  length,^ LHfferenee  between  ike  Sidereal  Day 
and  the  Mean  Solar  Day.^The  Equation  of  Time.— The  anamalittie  Year.—UH 
of  the  Onomon, — Length  qf  the  Solar  Year  according  to  digertmlt  obeeroere, — 
The  Julian  Calendar.--The  Oregorian  Calendar.— Old  Style  vereut  New  Styk,-^ 
Romieh  miradee. — Table  of  differencee  of  the  Styles. 

^T^IME  is^  strictly  speakings  of  infinite  duration ;  we  are,  there- 
-''  fore^  obliged  to  choose  some  arbitrary  unit  by  means  of  which 
a  measurement  of  time  may  be  effected.  For  short  intervals, 
the  diurnal  rotation  on  its  axis  of  the  globe  we  inhabit ;  for  longer 
intervals,  the  annual  revolution  of  the  Earth  around  the  Sun, 
are  the  standards  of  measurement  we  employ;  but  any  event 
which  takes  place  at  equal  intervals  of  time  may  serve  the 
purpose  of  a  chronometrical  register.  Thus,  the  ages  of  certain 
trees  may  be  ascertained  by  counting  the  number  of  concentric 
rings  in  the  trunks  one  being  formed  annually;  the  ages  of 
certain  cattle,  by  the  number  of  rings  on  the  horns ;  the  ages 
of  horses  may  in  like  manner  be  ascertained  by  the  successive 
disappearance  of  marks  from  their  teeth;  so  also  the  pulsations 
of  the  heart,  the  flowing  of  a  certain  quantity  of  water  from  one 
vessel  to  another,  the  oscillations  of  a  pendulum,  may  all  be  em- 
ployed to  measure  time  :  but,  in  practice,  the  solar  day  is  a  natural 

E  e  ^ 
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interval  of  time^  which  the  domestic  habits  of  man  force  upon 
him ;  and  accordingly  we  find  that  amongst  all  nations  this  unit 
of  measurement  is,  under  some  form  or  other,  the  one  adopted. 

The  interval  in  which  the  Earth  rotates  on  its  axis  is  known 
to  us  as  the  Sidereal  Day ;  it  is  determined  by  %  consecutive 
passages  of  a  star  across  the  meridian  of  the  place  of  observa- 
tion, and  is  i^bdivided  into  24  equal  portions,  called  sidereal 
hours,  which  in  turn  aire  made  up  of  60  sidereal  minuiesy  &c. 
The  sidereal  day  may  be  otherwise  defined  to  be  the  time  occupied 
by  the  celestial  sphere  in  making  one  complete  revolution.  The 
duration  of  this  interval  can  be  shewn  by  theory  to  be  invariable, 
and  the  actual  comparisons  of  observations  made  on  numerous 
stars,  in  widely  different  ages  of  the  world,  most  completely 
corroborate  this  conclusion.  Here  we  have,  then,  a  chronometric 
unit  far  surpassing  in  accuracy  anything  that  can  be  artificially 
contrived.  Laplace  has  ascertained,  from  a  careful  comparison 
of  modem  with  ancient  observations,  that  the  length  of  the 
sidereal  day  cannot  have  altered  so  ranch  as  r^^  ^^  ^  second  in 
upwards  of  2000  years;  it  may,  therefore,  be  regarded  as  pos- 
sessing that  indispensable  qualification  for  a  standard  unit,  in- 
variability. 

The  solar  day  is  reckoned  by  the  interval  elapsing  between 
7,  successive  meridian  passages  of  the  Sun. 

The  orbit  of  the  Earth  not  being  exactly  circular,  (and  its  axis 
being  considerably  inclined,)  it  follows  that  the  daily  velocity  of 
our  globe  round  the  Sun,  or,  what  for  our  purpose  is  the  same, 
the  daily  motion  of  the  Sun  through  the  Zodiac,  is  not  uniform  &, 
and  the  length  of  the  solar  day,  therefore,  varies  at  different 
seasons  of  the  year;  this  variable  interval  is  called  the  apparent 
solar  day,  and  time  so  reckoned  is  apparent  time.  In  order  to 
obviate  the  inconvenience  which  would  attend  such  a  method  of 
reckoning  time,  astronomers  have  agreed  to  suppose  the  existence 
of  an  imaginary  sun  moving  in  the  equator,  with  a  velocity  equal 
to  the  Sun's  average  velocity  in  the  ecliptic.    When  this  fictitious 

•  The  average  daily  motion  is  0°  59'      the  Son  in  apogee,  in  July,  it  ia  only 
8-a",  but  with  the  Sun  in  perigee,  in      o"*  57' 11*5'. 
January,  it  amounts  to  1°  i'  9*9  ;  with 
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or  mean  sun  comes  to  the  meridian^  it  is  said  to  be  mean  noon; 
aiid  when  the  true  meridian  passage  of  the  Son  takes  plaoe^  it 
is  apparent  noon:  the  interval  between  the  two  mean  passages 
being  called  the  mean  solar  day.  If  the  Sun  were^  like  a  star, 
stationary  in  the  heavens,  then  it  is  clear,  from  what  I  have 
said  above,  that  the  solar  and  sidereal  days  would  be  equal ;  but 
since  the  Sun  passes  from  west  to  east,  through  a  whole  circle — 
that  is  to  say,  through  360°  in  ^6^*2^22  days — ^it  moves  eastward 
about  59'  %'%"  daily.  While,  therefore,  the  Earth  is  revolving  on 
its  axis,  the  Sun  is  moving  in  the  same  direction ;  so  that,  when 
we  have  come  round  again  to  the  meridian  from  which  we.  started^ 
we  do  not  find  the  Sun  there,  but  nearly  1°  to  the  eastward; 
and  the  Earth  must  perform  a  part  of  her  2^^  revolution  before 
we  can  come  under  the  Sun  again.  Thus  it  is  that  the  mean 
solar  day  is  longer  than  the  sidereal  day  in  the  ratio  of  1*0027379^ 
to  I :  the  former  being  taken  at  exactly  24^  o"*  0%  the  latter,  ex-^ 
pressed  in  mean  solar  time,  is  2^  56"*  4*09 1%  or  0*99726957*. 
Clocks  regulated  to  keep  sidereal  time  are  in  general  use  in 
astronomical  observatories — i  revolution  of  the  hands  of  the  clock 
through  360**,  or  24^,  thus  representing  i  complete  revolution  of 
the  heavens;  but  it  is  obvious  that  a  sidereal  hour  is  shorter 
than  a  solar  hour,  the  diflference  being  9*8256".  24**  of  mean  solar 
time  are  equal  to  24^  3"*  56*55'  of  sidereal  time.  In  consequence 
of  the  sidereal  day  being  3™  55*91"  shorter  than  the  mean  solar 
day,  the  stars  all  pass  the  meridian  3"*  55*9i"  earlier  every  day. 
This  gaining  of  the  stars  upon  the  Sim  is  called  the  acceleration  of 
sidereal  upon  mean  time;  an  obvious  consequence  of  this  accelera- 
tion is,  that  the  aspect  of  the  heavens  varies  at  different  times 
of  the  year,  those  stars  which  at  one  time  are  seen  on  the 
meridian  at  midnight,  passing  it  at  9^  in  the  evening  after  about 
6  weeks. 

The  clocks  we  have  in  common  use  are  all  regulated  to  mean 
time,  and  will  therefore  shew  12  o'clock  sometimes  before,  and 
sometimes  after,  the  true  Sun  has  reached  the  meridian :  this 
difference  between  mean  time  and  apparent  time  is  called  the 
equation  of  time,  and  tables  are  constructed  for  the  purpose  of 
reducing  the  one  to  the  other.     Four  times  a  year,  the  correction 
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is  zero,  and  the  true  and  imaginaiy  Suns  coincide.  Twice  in  the 
same  period  the  dock  is  before  the  Sun,  and  twice  after  it.  The 
equation  reaches  its  maximum  about  Feb.  lo,  when  a  correction 
of  about  14°*  32*  is  required  to  reduce  apparent  to  mean  solar 
time;   or,  in   other  words,  the    mean    sun   is  on  the  meridian 

APPROXIMATE  EQUATION-OF-TIME  TABLE. 


Days  and 
Months. 


Jan.     1 

3 

5 

7 

9 
la 

18 
21 

H 

31 
Feb.   10 

ai 

37 

Mar.    4 

8 

13 

15 

19 
33 

as 
38 


Minutes. 


4 

5 
6 

7 
8 

9 
o 

1  ^ 

2  '& 

4   S 

'I 

!l 

Q 
1 

o 

9 

8 

7 
6 

5 


Days  and 
Months. 


April    I 

4 

7 

II 

19 

24 

30 

May  13 

29 
June    5 

10 

• 

so 

as 
39 

July  5 
II 
38 


Minutes. 


4 

3 

3 

.1 


I 

3 

3 


4    o 

3    0 

I 

O 


»5 

5  ^ 
6 


Days  and 
Months. 


Aug.    9 

«5 

30 

«4 
38 

31 

Sept.    3 
6 

9 

13 

15 
18 

31 

H 

37 
30 

3 
6 

10 

14 

»9 


Oct. 


Minutes. 


6 

4  I 

o 


''I 

8  I 

9  ^ 

o 

10  "a 

"I 

13    ^ 

13 
14 
15 


Days  and 
Months. 


Oct    a; 

Nov.  IS 

ao 

H 
37 

30 
Dec     3 

S 

7 

9 
II 

13 
16 

18 

30 

aa 

24 

• 

36 
a8 
30 


Minutes. 


16 

IS 

14 

13 

i«     . 
II  ^ 

10  s 

'I 

6  -a 

4^ 


I 

o 

I     u 

35 


14™  32*  before  the  tnie  Sun.  On  April  15  there  is  no  equation^ 
the  real  and  fictitious  Suns  being  on  the  meridian  at  the  same 
moment.  Towards  the  middle  of  May  the  equation  again  reaches 
a  nuudmum  of  3™  54%  but  becomes  reduced  to  zero  by  June  15. 
Another  maximum  occurs  about  July  27>  when  a  correction  of 
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6^  1 1*  is  required  to  be  added  to  the  apparent  solar  time.  On 
Sept.  I  the  equation  is  again  at  zero^  but  increases  from  that 
time  until  the  beginning  of  November,  when  the  correction 
amounts  to  i6™  17%  subtractive  from  apparent  time.  Another 
zero  takes  place  about  Dec.  %^,  completing  the  circuit. 

In  France,  until  18 16,  apparent  time  was  used,  and  the  con- 
fusion arising  from  this  practice  may  be  readily  imagined.  Arago 
relates  that  he  was  ouce  told  by  Delambre,  that  he  had  frequently 
heard  the  different  public  clocks  striking  the  same  hour  with  a 
variation  of  30  minutes.  At  the  time  of  the  change,  the  P^fect 
of  the  Seine  refused  to  sign  the  necessary  order,  fearing  an  in* 
surrection  amongst  the  lower  classes;  none  however  took  place, 
and  the  worthy  magistrate's  fears  were  groundless.  Especially 
were  the  watchmakers  thankful  for  the  change;  under  the  old 
system,  all  in  vain  was  it  that  they  tried  to  explain  to  their 
enraged  customers,  when  they  came  to  complain  of  the  watches 
they  had  bought,  that  it  was  not  the  watches  but  the  Sun  which 
was  in  &ult. 

The  interval  of  time  which  elapses  from  the  moment  when  the 
Sun  leaves  a  fixed  star  until  it  returns  to  it  again,  constitutes  the 
sidereal  year,  and  consists  in  solar  time  of  365*^  6^  9"  g'6* ;  therefore 
the  sidereal  year  is  longer  than  the  mean  solar  year.  The  latter  is 
the  interval  of  time  which  elapses  between  2  successive  passages  of 
the  Sun  through  the  same  equinox.  If  the  equinoxes  were  fixed 
points,  then  this  period  would  be  identical  with  the  sidereal  revolu- 
tion of  the  Earth ;  but  since  these  points  are  possessed  of  a  retrograde 
motion  from  east  to  west  of  50' a"  annually,  it  follows  that  the  Sun 
returns  to  the  equinox  sooner  every  year  by  a  period  equal  to  the 
time  it  takes  to  traverse  ^O'z"  of  arc,  or  by  ao™  I9*9"  of  time.  The 
mean  solar  year  is  therefore  20"  19-9"  shorter  than  the  sidereal 
year,  or  its  length  is  365*  5'*  48™  49"7*.  In  consequence  of  the 
motion  of  the  equinoctial  points  not  being  uniform  (on  account 
of  planetary  perturbation),  a  variation  takes  place  in  the  length 
of  the  mean  solar  year,  which  is  now  being  diminished  in  length 
at  the  rate  of  O'^gy  per  century.  This,  however,  will  not  always 
be  the  case. 

The  line  of  apsides  of  the  Earth's  orbit  is  subject  to  an  annual 
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motion  of  ii778'''(Delambre).  If  the  Earth,  then,  be  8up« 
posed  to  start  from  perihelion,  it  will  require  a  longer  interval 
of  time  than  the  sidereal  period  to  reach  perihelion  again,  and 
the  excess  will  be  equal  to  the  time  necessary  for  the  Earth  to 
describe  ii*8"  of  its  orbit;  this  it  would  do  in  4"  397%  which 
quantity  must  be  added  to  the  sidereal  period  before  we  can 
ascertain  the  interval  between  2  successive  returns  to  perihelion. 
The  result  then  is  a  period  of  365*  6^  13"  49*3»  (365'^59598i 
mean  solar  days),  which  is  called  the  anomalistic  year. 

The  manner  in  which  the  ancients  ascertained  the  length  of 
the  year  was  by  means  of  the  gnomon  or  stylus — a  vertical  rod 
standing  on  a  smooth  plane,  with  a  meridian  line  described  on 
it.  The  time  when  the  shadow  was  shortest  would  indicate  the 
day  of  the  summer  solstice,  and  the  number  of  days  which  elapsed 
tmtil  the  shadow  returned  to  the  same  length,  would  be  the 
number  of  days  in  the  year.  This  interval  having  been  found 
to  be  365  days,  365  days  was  the  period  adopted  for  the  length 
of  the  common  year,  or  nearly  6  hours  less  than  the  true  length. 
Such  a  difference  would,  after  the  lapse  of  some  time,  throw  eveiy- 
thing  into  confusion;  for  supposing  that  in  any  one  year  the 
summer  solstice  fell  on  June  21,  after  the  lapse  of  4  years  it 
would  fall  on  the  22nd,  in  another  period  of  4  years  it  would 
happen  on  the  23rd,  and  so  on.  The  inhabitants  of  Thebes  in 
Egypt  are  said  to  have  been  the  first  to  have  noticed  the  necessity 
of  an  addition  of  6  hours  to  the  365  days  in  order  to  make  the 
year  coincide  with  the  annual  course  of  the  Sun.  In  the  time 
of  Democritus,  450  B.C.,  365^  days  was  supposed  to  be  the  length 
of  the  year ;  Eudoxus  made  it  somewhat  longer,  and,  according 
to  Diodorus  Siculus,  (Enopides  of  Chios  fixed  it  at  365*  i^  48". 
Hipparchus,  by  means  of  his  own  observations,  found  the  length 
then  in  use  (365^  days)  to  be  too  great  by  4°^  48*.  Ptolemy  also 
examined  the  subject,  but  came  to  no  definite  determination. 
Towards  the  close  of  the  9th  century,  the  Arabian  prince  Alba- 
tegnius,  from  observations  of  his  own,  considered  that  the  length 
given  by  Hipparchus  was  still  too  great  by  some  8°^  48';  he 
accordingly  assigned  a  new  determination  in  his  work,  De  Scientid 
SteUarum.     The   following  table  exhibits  some  of  the  principal 
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determinatioiis  which  have  been  mrrived  at^  both  in  ancient  and 
modem  times : — 


Ancient  Egyptian 

Euctemon  and  Meton 

CftlippiiB,  &0. 

Hipparohus 

Hindu 

Albategnins 

Alphonsine  Tables,  135  a 

Walther 

Gopemious,  1543  .. 

l^cho  Brahe,  1602 

Kepler 

J.  Caadni,  1743     .. 

Flamiteed  ' 

HaUey 
LaCaiUe  .. 
Delambre  . . 
Laplace 


d. 

b; 

B. 

t. 

365 

0 

0 

0 

365 

6 

18 

57 

365 

6 

0 

0 

365 

5 

55 

13 

365 

5 

50 

30 

3«5 

5 

46 

^4 

365 

5 

49 

16 

365 

5 

48 

50 

3^ 

5 

49 

6 

365 

5 

48 

45* 

365 

5 

48 

57*<5 

365 

5 

48 

5«'4 

365 

5 

48 

57  5 

3^5 

5 

48 

54-^ 

365 

5 

48 

49 

365 

5 

48 

51-6 

365 

5 

48 

497 

3<55 

5 

48 

47-8 

We  have  seen  that  the  mean  solar  year  does  not  contain  a  whole 
number  of  days^  but  that  a  firactional  quantity  is  appended ;  that 
is  to  say^  its  length  is  thus  expressed — 365*2422414  days.  100 
years  of  365  days  each  would  contain  36^5cx)  days^  or  would  fall 
short  of  365  revolutions  of  the.  Sun  by  about  24  days.  In  order 
to  remedy  this  state  of  things^  Julius  Csesar^  who  was  as  dis- 
tinguished for  the  varied  nature  of  his  mental  attainments  as 
for  his  skill  in  military  affidrs^  called  to  his  aid  the  Egyptian 
astronomer  Sosig^nes^  and  they  both  set  to  work  to  reform  the 
calendar.  They  introduced  an  additional  day  every  4th  year  into 
the  month  of  February^  thereby  making  25  additional  days  in 
the  century.  This  4th  year  was  termed  bUsextile,  because  the  6th 
day  before  the  calends  of  March  was  reckoned  twice^  and  in 
this  year^  therefore^  February  was  made  to  consist  of  29  days. 
This  almost  perfect  arrangement^  which  was  called  from  its  author 
the  Julian  style^  prevailed  generally  throughout  the  Christian 
world  till  the  close  of  the  16th  century  b.     The  calendar  of  Julius 


^  The  Julian  error  amounted  to  -f  0*00778  day  annually,  or  i  whole  day  in 
129 
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Cnsar  wto  defective  in  this  partioalAr^ — ^that  the  solar  year  con- 
sists of  365*  5**  48",  and  not  of  365*  6*,  as  was  supposed  in  his  time^ 
and  therefore  there  was  a  difference  of  11™  between  the  apparent 
and  true  years.  At  the  time  of  Ore^ry  XIII  this  difference  had 
so  accumulated  as  to  amount  to  more  than  10  days^  the  vernal 
equinox  falling,  in  1582,  on  March  11  instead  of  21,  at  which 
it  was  in  the  year  325  a.d.,  when  the  Council  of  Nicsa  was 
held.  At  this  council  it  was  decreed  that  Easter  should  be  kept 
upon  the  first  Sunday  after  the  first  Full  Moon  next  following 
the  vernal  equinox ;  and  ''  as  certain  other  festivals  of  the 
Bomish  Church  were  appointed  at  particular  seasons  of  the  year, 
confusion  would  result  from  such  want  of  constancy  between  any 
fixed  date  and  a  particular  season  of  the  year.  Suppose,  for 
example,  a  festival,  accompanied  by  numerous  religious  ceremonies, 
was  decreed  by  the  Church  to  be  held  at  the  time  when  the  Sun 
crossed  the  equator  in  the  spring  (an  event  hailed  with  great  joy 
as  the  harbinger  of  the  return  of  summer),  and  that  in  the  year 
325,  March  21  was  designated  as  the  time  for  holding  the 
festival,  since  at  that  period  it  was  on  March  21  when  the  Sun 
reached  the  equinox;  the  next  year  the  Sun  would  reach  the 
equinox  a  little  sooner  than  the  21st,  only  ii"*  indeed,  but  still 
amounting  to  to  days  in  1200  years;  that  is,  in  1582  the  Sun 
reached  the  equinox  on  March  11.  If,  therefore,  they  continued 
to  observe  the  21st  as  a  religious  festival  in  honour  of  this 
event,  they  would  commit  the  absurdity  of  celebrating  it  10  days 
after  it  had  passed  by.'^  This  anomaly  Gregory  XIII  undertook 
to  correct,  which  he  did  with  perfect  success;  he  ordained  that 
10  days  should  be  left  out  of  the  current  year  in  order  to  bring 
back  the  equinox  to  March  21,  and  in  order  to  keep  it  on  that 
day,  he  prescribed  the  following  rule : — Every  year  diviMle  by  4, 
to  be  a  bissextile,  or  leap  year,  containing  366  days :  every  year  not 
so  divisible  to  consist  of  only  365  days:  every  secular  year  (1800, 
1900,  &c.,)  divisible  by  400,  to  be  a  bissextile,  or  leap  year,  con^ 
taining  366  days:  every  secular  year  not  so  divisible  to  consist  of 
365  days.  If  every  4*"*  year  were  to  consist  of  366  days,  a  century 
would  be  too  long  by  ^  of  a  day :  that  is  to  say,  we  should  have 
allowed  i  whole  day  in  100  years  instead  of  only  | :  in  400  years 
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this  would  have  amonnted  to  i  day ;  this  will  explain  why  a  day 
is  to  be  dropped  every  4*^  century.  We  will  now  perform  some 
short  calculations  to  see  how  near  this  rule  is  to  the  truths  by 
comparing  1 0^000  Gregorian  with  1 0^000  Tropical  (or  solar)  years. 
In  lo^ooo  the  numbers  not  divisible  by  4  will  be  f  of  lo^ooo, 
or  7500 ;  those  divisible  by  100^  but  not  by  400^  will  in  like 
manner  be  |  of  100^  or  75;  so  that  in  the  lo^ooo  years  in 
question^  7575  consist  of  365  days^  and  the  remaining  2425 
of  366,  producing  in  all  3>652>425  days.  Dividing  this  number 
by  lo^ocx)^  we  get  365-2425  as  the  mean  Qregorian  length  of 
the  solar  year.  The  actual  value  of  the  latter  being  365*2422, 
the  error  in  10,000  years  amounts  to  2*6,  or  2*  14^  24™,  or  i  day 
in  3846  years,  or  22"  annually — a  quantity  which  we  can,  without 
inconvenience,  disregard.  But  even  this  error,  trifling  as  it  is, 
may  be  still  Airther  eliminated  by  declaring  those  years  divisible 
only  by  4000,  to  be  common  and  not  bissextile  years ;  this  would 
make  the  error  only  i  day  in  100,000  Gregorian  years. 

The  Gregorian  remedy  was  proposed  by  Cardinal  Pierre  D^Ailly 
to  the  Council  of  Constance,  and  to  Pope  John  XXIII  as  early 
as  1414.  About  the  same  time  Cardinal  Cusa  wrote  on  the 
subject.  Bog^r  Bacon  had  previously  made  a  formal  proposition 
relating  to  it.  Sextus  lY  being  desirous  of  realising  the  plan, 
called  to  his  court  Begiomontanus,  whose  death  in  1476  pre- 
vented progress.  When  the  Council  of  Trent  separated  in  1563 
it  reconmiended  the  Pope  to  take  up  the  matter  ®. 

The  Julian  calendar  was  introduced  in  the  year  44  B.C.,  which 
Csdsar  ordered  should  commence  on  Jan.  i,  being  the  day  of  the 
New  Moon  immediately  following  the  winter  solstice  of  the  pre- 
ceding year:  this  year  was  thus  made  .to  consist  of  445  days,  and 
was  known  as  ''the  year  of  confusion.''  Csesar  did  not  live  to 
carry  out  in  person  the  reform  he  had  decreed,  and  the  consequence 
was  that  great  confusion  ensued.  We  are  not  acquainted  with 
the  terms  of  the  edict  which  he  promulgated,  but  we  are  led  to 
infer  that  it  was  not  so  explicit  as  it  ought  to  have  been,  and 
that  it  contained  some  expressions  relating  to  "  every  4***  year '' 

0  Arago,  Pop.  Aat.,  vol.  ii.  p.  744* 
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which  were  not  dearly  enunciated.  The  consequence  was^  that 
CsBsar's  successors  counted  the  leap  year  just  elapsed  as  No.  i 
of  the  quadrennial  period^  and  intercalated  every  third  instead 
of  every  4***  year.  ''This  erroneous  practice  continued  during 
36  years^  in  which^  therefore^  i%  instead  of  9  days  were  inter- 
calated, and  an  error  of  3  days  produced ;  to  rectify  which 
Augustus  ordered  the  suspension  of  all  intercalation  during  three 
complete  quadrennia, — ^thus  restoring,  as  may  be  presumed  his 
intention  to  have  been,  the  Julian  dates  for  the  future,  and  re- 
establishing the  Julian  system  for  the  future,  which  was  never 
after  vitiated  by  any  error  till  the  epoch  when  its  own  inherent 
defects  gave  occasion  to  the  Gregorian  reformation.  And  starting 
from  lAii  (the  period  of  the  Augustan  reform)  as  a  certain  fact, 
(for  the  statements  of  the  transaction  by  classical  authors  are 
not  so  precise  as  to  leave  ahsolutelj/  no  doubt  as  to  the  previous 
intermediate  year),  astronomers  and  chronologists  have  agreed  to 
reckon  backwards  in  unbroken  succession  on  this  principle,  and 
thus  to  carry  the  Julian  chronology  into  past  time,  as  if  it  had 
never  suffered  such  interruption,  and  asifit  were  certain  (which  it 
is  not,  though  we  conceive  the  balance  of  probabilities  to  incline 
that  way)  that  Caesar,  by  way  of  securing  the  intercalation  as  a  matter 
of  precedent,  made  his  initial  year,  44  B.C.,  a  leap  year.  Whenever, 
therefore,  in  the  relation  of  any  event,  either  in  ancient  history 
or  in  modem,  previous  to  the  change  of  style,  the  time  is  specified 
in  our  modem  nomenclature,  it  is  always  to  be  understood  as 
having  been  identified  with  the  assigned  date  by  threading  the 
mazes  (often  very  tangled  and  obscure  ones)  of  special  and  national 
chronology,  and  referring  the  day  of  its  occurrence  to  its  place 
in  the  Julian  system  so  interpreted^/^  The  reformed  Gregorian 
calendar  was  published  to  the  world  in  1582,  the  Pope  at  the 
same  time  issuing  a  decree  commanding  its  observance  throughout 
Christendom.  His  mandate  met  with  great  opposition  from  those 
Catholic  powers  of  Europe  which  did  not  recognise  the  Papal 
supremacy;  but  in  Romish  countries  it  was  soon  adopted.  It 
was  not  established  in  Great  Britain  till  1752,  when  an  Act  of 

'  Henchel,  OiUHnei  of  Ad.,  p.  675. 
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Parliament  was  passed  for  the  purpose  of  enjoining  its  uele^. 
As  170  years  had  ^psed  since  the  new  style  had.  been  first 
brought  into  use,  it  became  necessary  to  suppress  11  days,  in 
order  to  set  right  the  equinox ;  this  was  efiected  by  calling  the 
day  after  Sept.  3  the  14th.  By  the  same  Act  it  was  decreed 
that  Jan«  i  should  be  the  comm^icement  of  the  year,  iAstead 
of  March  115,  as  it  had  been  heretofore.  We  shall  now  see  th& 
practical  efiect  of  these  changes.  In  order  to  make  any  date 
given  in  the  o.s.  comparable  with  our  present  mode  of  reckoning, 
we  must  add  thereto  11  days:  thus,  April  24  o.s.  is  equivalent 
to  May  5  K%s.  If  any  event  happened  between  Jan.  i  and 
March  25,  the  date  of  the  year  will  be  advai^ced  i  :  thus, 
March  21  1864  o.s.  will  be  April  2  1S65  n.s.j  bearing  in 
mind  that  the  difierence  between  the  two  styles,  which  in  1752 
was  II  days,  is  now  12.  Russia  and  the  Greek  Church  generally 
still  adhere  to  the  old  style,  consequently  their  dates  are  thus 
expressed: — 

May  13. 


1867 


June  4. 


Such  a  sweeping  change  as  this  measure  of  Pope  Gregory  was, 
as  might  have  been  anticipated,  received  with  great  dissatisfac- 
tion by  the  English  nation  at  large,  but  more  especially  by  the 
lower  orders,  who  considered  they  had  been  robbed  of  1 1  clear  days. 
The  inconveniences  to  which  everybody  was  subjected,  on  account 
of  the  disturbances  of  every  kind  of  festival  and  anniversary, 
were,  moreover,  by  no  means  agreeable  to  the  feelings  of  most 
people.  Professor  De  Morgan,  on  the  authority  of  a  scientific 
friend  since  deceased,  relates  the  following : — "  A  worthy  couple 
in  a  country  town,  scandalised  by  the  change  of  style  in  1752, 
continued  for  many  years  to  attempt  the  observance  of  Good 
Friday  on  the  old  day.  To  this  end  they  walked  seriously  and 
in  full  dress  to  the  church  door,  at  which  the  gentleman  rapped 

*  It  is  not  generally  known  that  an  purpose.    It  was  read  a  second  time  on 

effort  was  made  to  reform  the  Calendar  March   i8,  and  then  appears  to   have 

as  early  as  the  reign  of  Queen  Elizabeth.  been  dropped,  as  we  have  no  further 

On  March  i6,  1584-5,  a  bill  was  intro-  notice  of  it.     {JEng.  Cyd.) 
duced  into  the  House  of  Lords  for  the 
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with  his  stick ;  on  finding  no  admittance^  they  walked  as  seriously 
back  again^  and  read  the  Service  at  home.  But  on  the  new 
and  spurious  QooA  Friday  they  took  pains  to  make  such  a 
festival  at  their  house  as  would  convince  the  neighbours  that 
their  Lent  was  either  ended  or  in  abej'ance/'  But  there  must 
have  been  some  days  of  comfort^  for  between  1752  and  1800 
there  were  18  years  in  which  the  old  and  new  Easter  Day 
coincided.  This  may  happen  occasionally,  and  will  do  so,  though 
leas  and  less  frequently,  till  2698  a.d.,  when  it  will  occur  for 
the  last  time. 

Previous  to  the  change  of  style  there  existed  a  wide-spread 
superstition  in  England  that,  at  the  moment  when  Christmas 
Day  began,  the  cattle  always  fell  on  their  knees  in  their  stables ; 
it  was  averred,  however,  that  the  animal  creation  refused  to  obey 
the  Pkpal  bull,  and  still  continued  their  prostrations  on  the 
Christmas  eve,  according  to  the  old  style.  In  Bomish  countries, 
however,  inanimate  things  even  agreed  to  change  their  habits; 
for  Biccioli  positively  assures  us  that  the  blood  of  S.  Januarius, 
which,  under  the  old  order  of  things  always  liquefied  punctually 
on  Sept.  19  (?),  immediately  changed  its  day  of  liquefSaction  to 
Sept.  9  O.S.,  in  order  to  conform  to  Sept.  19  n.s.,  thereby  putting 
itself  back  10  days,  that  it  might  obey  the  Pope's  mandate  I 
But  this  was  not  all ;  for  Biccioli  goes  on  to  add  that  a  certain 
twig,  which  always  budded  on  Christmas  Day  o.s.,  thence  budded 
on  Dec.  15  n.s.,  for  the  same  reason' ! 

In  England  the  members  of  the  Calendar-Beforming  Govern- 
ment were  pursued  and  mobbed  in  the  streets  of  London,  the 
populace  demanding  the  restoration  of  the  1 1  dajrs  of  which  they 
supposed  they  had  been  illegally  deprived.  The  illness  and 
subsequent  death  of  Bradley,  the  well-known  astronomer,  who 
had  assisted  the  Oovemment  with  his  advice,  was,  as  a  matter 
of  course,  looked  upon  as  a  judgment  from  Heaven. 

The  following  is  a  table  of  the  difierences  between  the  old 
and  new  styles,  for  the  under-mentioned  periods : — 

'  Companion  to  the  Alnumiu,  1845,  p.  19. 
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Bute. 

DiflJoraiioe. 

Dirfie. 

Dillbranoe. 

1500— 1 7CO 

10  days. 

1900—3000 

todays. 

1700— 1800 

II    », 

3000—3100 

ai    u 

1800— 1900 

i«    „ 

3100—3300 

aa    M 

1900 — 3 100 

13    u 

3300—3400 

a3    >» 

aioo— aioo 

14    .* 

3400—3500 

34    „ 

940&— 3300 

15    » 

3500—3700 

«5    .» 

2300— «50o 

16    „ 

3700—3800 

^6    ., 

9500—4600 

17     n 

3800—3900 

«7    ,. 

9600—3700 

18     „ 

3900—4100 

a8    „ 

4700—4900 

19     » 

Ac 

&0. 
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CHAPTER    11. 

Bom^'r-Cfmmmcem€i»i  o/  ike  day$. — Utage  of  tUfferaU  mtUiotu. — Dojf*.— ITedb.^ 
Oriffim  of  the  Engliih  noma  for  the  dayt  of  the  week, — The  EgjfpUan  '/-da^ 
period. — The  Roman  loedk. — Monthe, — Memoranda  on  the  months^ — Yeare. — The 
iSffffptian  fear.^The  Jewieh  year.^Tht  Oreek  year.-— The  Boman  yoar^-^The 
Bcman  calendar  and  the  rrfomu  it  underwent. — The  French  revoluHonarff 
calendar. — The  year. — Ite  mib-d/Maione  tnto  quartere.^^Quarier-daye. 

WE  have  now  to  consider  the  different  divisions  of  time  which 
are  in  use^  beginning  with — 
Hours, — I  have  already  mentioned  that  a  day  is  divided  into 
24  equal  portions^  called  hours ;  each  of  these  contains  60  minutes, 
and  each  minute  60  seconds  *.  It  is  now  quite  impossible  to  assign 
any  date  to  the  origin  of  this  custom,  so  completely  is  it  lost  in 
the  obscurity  of  antiquity.  Although  the  duodecimal  division  of 
the  day  is  so  universal,  yet  different  usages  have  prevailed  in 
different  countries  relative  to  the  enumeration  of  those  hours. 
Some  nations  have  counted  the  hours  consecutively  from  i  to  24 ; 
others  have  divided  the  hours  into  2  series  of  12  each;  whilst  in 
Prance,  during  the  revolutionary  period  following  the  year  1793, 
a  decimal  system  was  introduced,  the  day  being  divided  into 
10  hours,  each  hour  into  icx)  minutes,  and  each  minute  into 
icx)  seconds.  After  the  lapse  of  a  few  years,  however,  this,  together 
with  many  other  equally  absurd  innovations,  was  given  up.  The 
24  hours  into  which  the  day  is  divided  were  usually  intended  to  be 
equal,  each  comprising  ^^  part  of  the  whole ;  but  there  were  excep- 
tions to  this.  For  instance,  at  one  period  in  the  history  of  Greece 
the  interval  between  sunrise  and  sunset  was  divided  into  12  equal 

•  The  old  sub-division  of  thirds  And  dedmally.  Thus:  I3>»  I7»  24"  18*  13' 
fourths  have  fidlen  into  disuse,  every  would  now  be  expressed  m  13^  17"* 
odd  part  of  a  second  being  expressed       24'303". 
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portions^  termed  ''  hours  of  the  day  *"  the  other  interval  between 
sunset  and  sunrise  being  also  similarly  divided  into  the  ^'  hours 
of  the  night/'  It  is  clear  that  at  the  equinoxes  only  would  the 
former  be  equal  to  the  latter,  that  from  the  vernal  to  the  autumnal 
equinox  the  diurnal  hours  would  be  the  longest,  and  that  from  the 
autumnal  to  the  vernal  equinox  the  nocturnal  hours  would  be  the 
longest.  A  variation  in  the  length  of  each  abo  took  place  from  day 
to  day.  Such  a  system,  inconvenient  as  it  doubtless  was  for  the 
ordinary  affairs  of  life,  was  positively  useless  for  all  scientific 
purposes ;  hence  we  find  that  Ptolemy  was  in  the  habit  of  trans- 
forming these  common  hours  into  equinoctial  hours — so  called, 
probably,  on  account  of  their  being  at  the  equinoxes  equal  in 
duration  to  the  vulgar  hour.  Even  with  this  improvement  we 
find  that  the  above-named  distinguished  astronomer  was  unable 
to  indicate  the  time  of  any  celestial  phenomenon  within  a  quarter 
of  an  hour  of  its  true  time.  This  conclusively  shews  us  how 
imperfect  were  the  chronometric  appliances  then  in  use:  we  are 
now  able  to  obtain  observations  within  -i^***  of  a  second  of  the 
absolute  truth  ^. 

Having  determined  on  the  unit  which  we  intend  to  employ  as 
a  chronometric  register,  it  is  also  necessary  to  determine  con- 
ventionally some  particular  moment  when  each  successive  unit 
shall  commence  and  end.  The  Jews,  the  Chinese,  the  ancient 
Athenians,  and  the  Oriental  nations,  as  well  as  the  inhabitants 
of  the  Italian  peninsula,  fixed  upon  sunset  as  the  termination 
of  one  day  and  the  commencement  of  the  following,  counting 
the  hours  from  o  to  24.  As  the  hours  of  sunrise  and  sunset 
vary  from  day  to  day,  it  is  manifest  that  4  o'clock  one  day 
will  not  be  the  same  as  4  o'clock  the  day  previously;  so  that 
for  a  clock  to  indicate  such  time  it  must  be  set  from  day  to  day, 
or  from  week  to  week,  since  the  hour  of  sunset  will  be  constantly 

^  An  interesimg  instance  of  the  but- 
priang  aocuracy  now  attainable  in  astro- 
nomical obeervationB  was  afforded  by  the 
occnltation  of  the  planet  Saturn  by  the 
Moon  on  May  8, 1K59.  The  phenomenon 
was  watched  at  the  Greenwich  Observa- 
tory by  5  persons,  with  different  tele- 
scopes, and  the  following  are  the  times  MorUh.  Not.  R.  A.S.,  vol.  xix.  p.  338. 
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later  daring  one  half  year,  and  earlier  during  the  other.  This 
system  of  reckoning  has  been  defended  upon  the  ground  of  the 
convenience  it  affords  to  travellers  and  others,  in  telling  them, 
without  trouble,  how  much  time  they  have  left  at  their  disposal 
before  nightfall.  This  is  no  doubt  perfectly  correct,  as  far  as  it 
goes ;  but  then,  on  the  other  side  of  the  question,  there  is  the 
constant  neces^ty  of  setting  the  clocks  every  day  to  be  con- 
sidered, to  say  nothing  of  the  other  ^^  obvious  inconveniences 
attending  such  a  system,  such  as  the  constant  variation  of  the 
hours  of  meals,  of  going  to  bed  and  rising,  of  all  description  of 
regular  labour,  the  hours  of  opening  and  closing  all  public  offices, 
of  commencing  and  terminating  all  public  business,^'  &c.  Not- 
withstanding all  this,  however,  the  force  of  habit  is  so  strong  that 
this  system  was  until  lately  in  use;  though  in  many  places  it  was 
customary  to  set  up  2  clocks  side  by  side,  one  indicating  Italian 
and  the  other  common  time.  This  system,  with  the  unimportant 
modification  of  starting  from  sunm^,  was  also  used  by  the 
Babylonians,  Assyrians,  and  Persians,  and  is  at  the  present  time 
adopted  by  the  modem  Greeks  and  the  inhabitants  of  the  Balearic 
Islands.  A  curious  custom  of  keeping  the  clocks  i^  in  advance 
of  the  true  time  formerly  existed  at  Blisle  ^. 

Hipparchus  (fl.  150  B.C.)  adopted  the  plan  of  commencing  the 
day  at  midnight,  and  dividing  it  into  2  equal  series  of  12  hours 
each :  this  system  was  followed  by  Copernicus,  and  is  now  in 
general  use  throughout  all  civilized  parts  of  the  globe.  According 
to  this  plan  of  reckoning,  whenever  an  hour  is  named  it  is  requisite 
to  state  in  what  position  it  stands  as  regards  noon.  The  hours 
previous  to  noon  are  indicated  by  the  letters  a.  m.,  and  those  after 
noon  by  p.m. — ^the  former  being  the  initial  letters  of  the  Latin 
words  ante  meridiem  {''  before  mid-day''),  and  the  latter  of  poH 
meridiem  ('^  after  mid-day '') .  The  ancient  Egyptians  commenced 
their  day  with  the  Sun's  passage  over  the  meridian ;  in  this  they 
were  followed  by  Ptolemy  and  by  astronomers  in  modem  times, 
who  divide  the  day  into  24  hours.  We  must  therefore  careftdly 
distinguish  between  civil  and  astronomical  time,  the  former  being 
12  hours  ahead  of  the  latter. 

«  Milner,  OalL  of  Otog,^  p.  417. 


Chap,  n.]  Days.     Weeks.  435 

Days. — A  day  is  the  standard  unit  of  measurement  now 
nniversally  adopted,  all  shorter  intervals  of  time  being  reckoned 
by  some  of  its  fractional  sub-divisions,  and  all  longer  intervals 
by  some  or  other  multiple  of  it;  it  is  therefore  of  primary  im- 
portance that  its  absolute  length  should  be  certainly  and  precisely 
ascertained.  Being  a  standard  measure,  it  is  most  desirable 
that  its  length  should  be  invariable,  and  that  facilities  should 
be  possessed  for  verification  from  time  to  time.  Such  operations 
have  been  conducted  by  eminent  mathematicians,  and  I  believe 
we  can  say  with  truth,  that  if  it  is  not  immutable  it  is  the 
thing  of  all  others  in  the  universe  whose  immutability  is  almost 
assured. 

"Tempora  mutantur,  nos  et  mutamur  in  ilUs.** 

Astronomy  and  geology  bear  witness  to  the  truth  of  this  rule, 
though  it  would  seem  that  we  are  acquainted  with  one  exception. 

Weeks. — The  historical  origin  of  the  well-known  period  of  7  days 
is  quite  lost  in  antiquity,  and  though  some  difierence  of  opinion  still 
exists  as  to  the  date  and  prevalence  of  it  as  a  mode  of  reckoning,  it 
must  undoubtedly  be  regarded  as  a  memorial  of  the  creation  of 
the  world,  reference  being  made  to  it  in  the  account  of  that 
event  handed  down  to  us  in  the  Book  of  Genesis.  It  is  also 
an  obvious  and  convenient  subdivision  of  the  lunar  month,  besides 
being  so  nearly  an  exact  aliquot  part  of  a  solar  year  of  365  days 
(7  X  5^  =  3^4) — ^wo  good  reasons  for  its  adoption. 

The  English  names  of  days  of  the  week  are  derived  as  follows : — 

I.  Dies  Solis  (Lat.),  Sun*8  day 
a.  Dies  Luiue  (Lat.),  Moon's  day 

3.  Tiues  daeg  (Sax.),  Tiu's  day     .. 

4.  Wodnes  daeg  (Sax.),  Woden's  day 
•   5.  Thunres  daeg  (Sax.),  Thor's  day 

6.  Friges  daeg  (Sax.)?  Friga's  day 

7.  Dies  Satumi  (Lat.),  Saturn's  day 

In  all  parliamentary  and  judicial  documents  the  Latin  names 
are  still  retained;  the  Quakers,  however,  do  not  use  either,  but 
call  Sunday  the  i"*  day  of  the  week,  Monday  the  a"**,  and  so  on. 
The  reason  why  the  i**  day  of  the  week  is  kept  as  the  Christian 
Sabbath  is  that  the  Resurrection  of  our  Lobd  took  place  on  that 

F  f  2 


whence 

Sunday. 

Monday. 

Tuesday. 

Wednesday. 

Thursday. 

Friday. 

Saturday. 
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day,  and  it  was  accordingly  determined  that  the  day  for  the 
observance  of  the  Sabbath  should  be  changed,  to  symbolize  the 
displacement  of  the  Primaeval  by  the  Christian  dispensation,  for 
be  it  understood,  the  principle  involved  in  the  Sabbath  is  the 
consecration  to  God  of  one  day  in  seven,  not  of  any  one  particular 
day  of  the  week,  and  this  principle  dates  not  from  the  time  of 
Moses,  but  from  that  of  Adam. 

Dion  Cassius  (Consul,  a.d.  229)  ascribes  the  use  of  a  7-day  period 
to  the  Egyptians,  and  states  that  from  them  it  was  copied  in  after 
times  by  the  Greeks  and  other  nations.  He  makes  the  following 
remarks  on  the  manner  in  which  the  Egyptians  derived  the  names  of 
the  days  of  the  week  and  their  order  from  the  7  members  of  the 
solar  system  known  to  the  ancients  ^.  The  series  of  hours,  without 
reference  to  days,  was  resolved  into  periods  of  7,  each  dedicated  to 
a  planet.  Thus  the  i*^  hour  was  dedicated  to  Saturn,  the  next 
to  Jupiter,  the  3'*  to  Mars,  fee*  The  day  being  divided  into 
24  hours,  which  is  not  a  multiple  of  7,  it  followed  that  necessarily 
each  successive  day  would  begin  with  an  hour  dedicated  to  a 
different  planet.  The  day  which  begins  with  the  hour  of  Saturn 
would  evidently  end  with  the  hour  of  Mars,  for  the  24  hours 
would  consist  of  3  complete  periods  of  7,  and  the  24***  hour  would 
be  the  3"*  of  the  4*^  period,  and  would  consequently  be  the  hour  of 
Mars.  The  !•*  hour  of  the  next  day  would  be  that  of  the  Sun.  In 
like  manner,  the  day  beginning  with  the  hour  of  the  Sun,  and  con- 
sisting of  3  hours  more  than  3  complete  periods,  would  end  with 
the  hour  of  Mercury,  and  the  next  would  begin  with  the  hour 
of  the  Moon.  The  succeeding  day  would  in  like  manner  com- 
mence with  the  3'*  in  order  from  the  Moon,  that  is  Mars;  the 
next  with  the  3*^  in  order  from  Mars,  that  is  Mercury ;  the  next 
with  the  3"*  in  order  from  Mercury,  that  is  Jupiter ;  the  next  with 
the  3"*  in  order  from  Jupiter,  that  is  Venus ;  and  after  Venus  the 
series   would  recommence  with  the  hour  dedicated  to   Saturn. 


^   Hut.   Roman, ^    lib.  xxxvii.  19    el       the  Earth  being,  as  they  sappoaed,  a» 
uq,  follows : — 


•  It  may  be  well  to  remark  that  the  i.  Saturn, 

ancient    Egyptians    included    the    Sun  a.  Jupiter, 

and   Moon  under  the  general  name  of  3.  Mars, 

planets,  the  order  of  their  distance  iirom  4.  The  Sun. 


5.  Venus. 

6.  Mercury. 

7.  The  Moon. 
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Thus  the  i*^  hour  of  each  successive  day^  in  each  successive  period 
of  7  days^  would  be  dedicated  to  the  planets  in  the  following 
order : — 


1.  Saturn. 

2.  The  Sun. 

3.  The  Moon. 

4.  Mars. 


5.  Mercury. 

6.  Jupiter. 

7.  Venus. 


This  order  was  retained  by  the  Romans^  and  we  find  that  the 
following  were  the  Roman  names  of  the  days  of  the  week : — 


1.  Dies  Satumi 

2.  Dies  Solis 

3.  Dies  Lun» 

4.  Dies  Martis 

5.  DiesMercurii 

6.  DiesJovis 

7.  Dies  Veneris 


Saturn's  Day. 
Sun*s  Day. 
Moon's  Day. 
Mar8*8  Day. 
Mercury's  Day. 
Jupiter^s  Day. 
Venus's  Day. 


From  the  above  have  been  derived  the  modem  names  used  in  the 
different  countries  of  Europe^  either  by  a  literal  translation  as  in 
the  Italian^  French^  Spanish^  and  other  languages  of  Latin  origin^ 
or^  as  in  the  Teutonic  languages^  by  a  substitution  for  the  name  of 
the  classical^  of  that  of  the  corresponding  Teutonic  deity. 

Months. — ^The  relation  of  this  division  of  time  to  the  Moon  is 
singularly  apparent  in  many  languages^  notwithstanding  that  the 
Moon's  period  of  revolution  is  unsuitable  as  a  measure  of  time^ 
both  on  account  of  its  not  being  marked  by  any  easily- observed 
phenomena  and  also  because  it  is  not  a  multiple  of  either  a  day 
or  year.  The  lunar  months  however^  has  been  used  by  the  in- 
habitants of  many  of  the  more  interesting  and  important  countries 
of  the  Earth. 

A  few  memoranda  on  the  mouths  as  they  now  stand  may  be 
useful.  Every  one  is  familiar  with  the  following  lines.  I  now 
quote  from  a  version  published  in  1596  : — 

*'  Thirtie  daies  hath  September, 
Aprill,  June,  and  November, 
Februarie  hath  eight  and  twentie  alone. 
All  the  rest  thirtie  and  one. 
Except  in  Leap  year,  at  which  time 
Febniarie's  daies  are  twentie  and  nine.*' 
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To  find  the  day  of  the  month  without  an  Almanac,  it  may  be 
useful  to  know  that  the  following  are  all  of  the  same  name  : 

I"*  of  January,  October. 

2^  of  April,  July. 

3*^  of  September,  December. 

4**  of  June. 

5^  of  February,  March,  November. 

6^  of  August. 

7*kof  May'. 

The  common  year  begins  and  ends  on  the  same  day  of  the  week ; 
leap  year  ends  on  the  following  day.  Many  persons  who  call  the 
year  52  weeks  are  not  aware  that  it  is  always  52  weeks  i  day,  and 
in  leap  year  52  weeks  2  days. 

A  nation  possessed  of  2  such  well-defined  chronometric  units  as 
the  solar  day  and  year  would  doubtless  soon  find  the  inconvenience 
of  not  having  some  period  intermediate  between  them.  Let  us 
now  see  what  intermediate  subdivisions  there  are  which  would 
answer  the  purpose.  A  year  does  not  contain  any  exact  whole 
number  of  days — it  contains  365!^  (nearly) — ^but  since  the  ancients 
reckoned  it  at  365  exactly,  we  will  do  the  same.  Now  it  is  clear 
that  the  only  factors  of  365  are  5  and  73  ;  and  we  must,  therefore, 
either  divide  the  year  into  5  equal  periods  of  73  days  each,  or  73 
equal  periods  of  5  days  each.  That  neither  of  these  subdivisions 
will  meet  the  requirements  of  mankind  we  have  conclusive  evi- 
dence in  the  fact  that  during  more  than  5000  years  neither  of 
them  has  ever  been  adopted.  No  other  equal  subdivision  of  the 
year  being  possible,  some  different  plan  must  be  devised ;  we  may 
either  divide  the  year  into  a  certain  number  of  equal  parts,  with  a 
remainder,  and  then  consider  the  remainder  as  a  supplemental 
part ;  or  we  may  resolve  the  year  into  some  convenient  number  of 
unequal  parts. 

The  Egyptian  year  was  arranged  according  to  the  !■*  of  these 
plans,  and  was  divided  into  12  months,  each  of  30  days,  with  5  days 
added  at  the  end  of  the  12*'*  month. 

'  A  versification  of  this  appears  in  the  Bng.  Cyd,    Art.  Fear. 
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The  Jewish  year  is  regulated  according  to  the  2***  expedient. 
The  following  are  the  months : 


Tvsrx 

Marchesvan 
Kislev  .. 
Tebeth  . . 
Schebat  . . 
Adar 


Bays. 

30 

29  or  30 

29  or  30 
29 

30 
29 


Veadar  (intercalary)    29 


Nisan 
Ijar   .. 
Si  van. . 
Thamnz 
Ab     .. 
Elul  .. 


Bays. 
30 
29 

30 
29 

30 

29  or  30 


The  division  of  the  year  into  months  by  the  Ghreeks  was  not  only 
very  unmethodical^  but  it  would  seem  that  no  2  states  agreed 
either  in  the  number^  names^  or  lengths  of  their  months.  Some 
months  were  designated  by  particular  names^  while  others  were 
known  only  by  the  numerical  order  in  which  they  followed  one 
another.  These  numbers^  however,  did  not  correspond  in  different 
states  on  accoimt  of  the  year  beginning  at  different  times.  Thus 
the  ^^  Delphic,  Lacedsemonian,  Bceotian,  and  Attic  months  cor- 
responded severally  with  January,  February,  May,  and  November, 
according  to  our  mode  of  reckoning.  The  confusion  arising  from 
such  a  state  of  things  in  a  small  country,  inhabited  by  one  nation 
speaking  one  language,  may  be  readily  imagined. 

Athens  being  the  capital  of  Greece,  I  subjoin  a  table  of  the 
Attic  months. 


Bays. 

Bays. 

..      30 

ra/icAuiv        . . 

•      30 

Mcra7crmcir 

..      29 

*Av$€ffrripu6p. . 

..      29 

BovfipofuAv    . . 

..      30 

*EXa/^fio\u&w 

•      30 

Mai/uumypuir 

..      29 

Movvvx^^y     . . 

..      29 

nvayc^u6r 

..      30 

Bc^ryriXt^p 

..      30 

no<rci8«i6r 

..      29 

^tpo^opu&y  . . 

..      29 

The  intercalary  month  was  a  second  no<r€ib€<iv,  of  30  days.  It  is 
said  that  formerly  the  months  were  all  of  30  days  each,  but  that  Solon 
introduced  (b.c.  594)  the  alternation  of  29  and  30  days?.  Those 
months  which  contained  only  29  days  were  termed  icoiAoi  (hollow),  the 
others  were  wXiypeiy  (fiiU) .  The  year  in  which  an  intercalary  month 
was  inserted  was  called  iixp6\ijio9,  whence  our  word  '  embolismic' 

s  Plutarch,  Vita  SoUmia,  25. 
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The  months  were  subdivided  into  3  decades  or  periods  of  10  days 
each,  the  last  decade  containing  10  or  9  days  as  the  case  might  be. 
Notwithstanding  the  advanced  civilization  of  the  Romans^  it 
was  not  till  700  years  after  the  foundation  of  their  city  that  they 
become  possessed  of  a  properly  arranged  system  of  reckoning. 
The  year^  as  established  by  Romulus^  contained  10  months:  4  of  31^ 
and  6  of  30  days^  making  a  total  of  304^  as  follows : — 


I.  Martius   .. 

Dayi. 
••      31 

6.  Sextilis     .. 

..     30 

2.  Aprilis 

3.  Maius 

.-      30 
•      31 

7.  September 

8.  October    .. 

..      30 
•      31 

4. -Junius 

..      30 

9.  November 

..      30 

5.  Quinoiilis . . 

••      31 

10.  December 

..      30 

It  was  soon  found  that  a  year  of  304  days  ^  was  utterly  irrecon- 
cilable with  the  nature  of  things ;  and  accordingly  we  find  that  in 
the  following  reign^  that  of  Numa  Fompilius,  2  new  months  were 
added^  Februarius  and  Januarius.  The  latter  was  placed  at  the 
beginning,  and  the  former  at  the  end  of  the  year;  this  arrange- 
ment was  however  afterwards  altered,  and  Januarius  made  to 
precede  Februarius,  leaving  Martius  the  i**  month  of  the  year. 
This  will  account  for  the  circumstance  of  September  and  the  3 
foUowing  months  bearing  names  which  do  not  correspond  to  the 
places  they  now  occupy.  In  order  to  make  the  year  correspond 
with  tolerable  accuracy  to  the  true  solar  year,  Numa  resolved  on 
increasing  its  length  by  51  days.  This  being  too  long  for  i 
month,  and  not  long  enough  for  2,  it  was  decided  that  i  day 
should  be  taken  from  each  of  the  months  having  30 ;  there  being 
6  of  these,  57  days  (51+6)  were  made  available  for  the  formation 
of  the  2  new  months,  which  were  then  arranged  as  follows : 


Days. 

JanuariuH 

..     ^9 

Februarius    . . 

..      aS 

Martius 

••     31 

Aprilis 

..      29 

Maius 

.•      3* 

Junius 

..     19 

Dsys. 

Quinctilis  (aft.  Julius) 

31 

Sextilis  (aft  Augustus) 

29 

September 

«9 

October 

31 

November 

«9 

December 

0 

29 

355 

^  Sir  G.  C.  Lewis  considered   this  304-da7  year  altogether  a  myth.     AM,   of 
Andenta,  p.  56. 
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Januarius  derived  its  name  from  Janus^  the  deity  who  presided 
over  everything.  Februarius  from  Febrius^  an  ancient  Italian 
deity^  whose  rites  were  celebrated  this  month.  Martins  from  Mars^ 
the  god  of  War^  and  father  of  Bomulus.  Aprilis  from  Aphrodite. 
Mains  from  Maia,  the  mother  of  Mercury.  Junius  from  Juno, 
Queen  of  Heaven.  The  names  of  the  months  Quinctilis  and 
Sextilis  were  afterwards  changed  in  compliment  to  the  emperors 
Julius  Caesar  and  Augustus  Csesar. 

In  case  it  should  be  asked  why  Numa  did  not  take  away  the 
odd  days  from  those  months  which  had  31  days^  which  would 
have  been  the  obvious  expedient^  I  may  remark  that  even  numbers 
(which  would  have  thus  resulted)  were  looked  upon  as  unlucky 
and  inauspicious  I  Since^  however^  it  was  impossible  to  avoid 
having  i  month  of  an  even  number  of  days^  this  unlucky  number 
was  assigned  to  Februarius^  over  which  the  Genius  of  Death 
presided. 

Notwithstanding  the  modifications  introduced  by  Numa^  the 
year  was  still  10  days  too  short ;  to  correct  this  he  decreed  that  a 
13^**,  or  intercalary^  month  should  be  introduced  every  other  year, 
consisting  of  22  or  23  days.  This  was  reasonable  enough,  but  the 
singular  thing  was  the  plan  adopted  for  putting  it  into  efiect.  It 
was  done  by  inserting  the  new  month  (called  Mercedonius,  probably 
derived  from  mercea,  wages,  which  perhaps  were  usually  paid  at 
this  time  of  the  year)  between  the  23'*  and  24***  of  February; 
making  the  !•*  of  Mercedonius  to  follow  the  23^^,  and  the  last  day 
of  Mercedonius  to  be  followed  by  the  24***  of  Februarius. 

The  days  of  the  Roman  month  were  reckoned  in  the  following 
way  :  the  !•*  day  of  each  month  was  called  the  ialends^;  the  7**> 
day  of  each  of  the  4  g^eat  months  (those  of  31  days),  and  the  5"*  of 
each  of  the  lesser  months  (those  of  29  days),  were  called  the  nones; 
and  the  15"*  of  all  the  great  months,  and  the  13*^  of  all  the  lesser 
months,  were  called  the  ides.  The  difference  in  the  positions  of 
the  two  kinds  of  nones  and  ides  is  owing  to  the  Roman  custom  of 
reckoning  time  backwards. 

As  frequent  allusion  is  made  in  classical  and  other  writers  to  the 

^  This  word,  not  beiiur  used  by  the      and  such  a  thing  was  postponed  to  the 
Greeks,  gave  rise  to  the  saying,  that  such      Greek  kalends,or  «fne  die  as  we  shouldsay. 
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Roman  mode  of  computation^  it  may  be  nsefnl  to  subjoin  the 
following  table^  shewing  the  correspondence  of  the  ancient  Roman 
with  the  modem  months  : — 


THE  ROMAN  CALENDAR. 


Diet     1 

Meniii.  1 

April.      Jnn. 
Sept.       Nov. 

i 

Jan.         Aug. 
Deoranb. 

ICar.     Kid. 
Jul.      Octob. 

Feb. 

1 

1 

KALKNDiE. 

KALimOiB. 

KALEKDil. 

KALINDiB. 

a 

IV. 

IV. 

VI. 

1    IV. 

3 

HE. 

III. 

V. 

III. 

4 

Prid.  Non. 

Pnd.  Kon. 

IV. 

Prid.  NoQ. 

5 

NONJL 

NONJI. 

III. 

NONiB. 

6 

VTTI. 

VIII. 

Prid.  Non. 

VIII. 

7 

VII. 

VII. 

NONil. 

VII. 

8 

VT. 

VI. 

VIII. 

VI. 

9 

V. 

V. 

VII. 

V. 

lO 

IV. 

IV. 

VI. 

IV. 

11 

III. 

III. 

V. 

III. 

11 

Prid.  Id. 

Prid.  Id. 

IV. 

Prid.  Id. 

U 

Idub. 

Idus. 

III. 

Idub. 

14 

XVIII. 

XIX. 

Prid.  Id. 

XVI. 

n 

XVII. 

XVIII. 

Idub. 

XV. 

i6 

XVI. 

XVII. 

XVII. 

XIV. 

17 

XV. 

XVI. 

XVI. 

XIIT. 

IS 

XTV. 

XV. 

XV. 

XII. 

19 

XIII. 

XIV. 

XIV. 

XI. 

30 

XII. 

XIII. 

XIII. 

X. 

31 

XI. 

XII. 

XII. 

IX. 

22 

X. 

XI. 

XI. 

VIII. 

n 

IX. 

X. 

X. 

vn. 

24 

VIII. 

IX. 

IX. 

VI. 

«5 

VII. 

VIII. 

VIII. 

V. 

26 

VI. 

VII. 

vn. 

rv. 

«7 

V. 

VI. 

VI. 

III. 

28 

IV. 

V. 

V. 

Prid.  KaI.    1 
MariU.      1 

29 

in. 

IV. 

IV. 

30 

Prid.Kal. 
meiuds  seq. 

III. 

III. 

31 

Prid.  KaL        1 
mensiaseq.  ) 

Prid.  Kal.        1 
mensia  seq.  ) 
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The  Mahometan  year  is  a  lunar  one^  consisting  of  12  months^ 
of  30  and  29  days  alternately,  each  of  which  begins  with  the  first 
appearance  of  the  New  Moon^  without  any  intercalation  to  bring 
the  year  to  the  same  season.  It  is  obvious,  therefore,  that  every 
year  will  begin  earlier  than  the  preceding  one  by  about  i\\  days. 
The  inconveniences  to  which  this  gives  rise  have  already  been 
pointed  out.  It  moreover  happens  that  as  the  commencement 
of  each  month  depends  on  the  first  visibility  of  the  New  Moon, 
a  few  cloudy  days  will  produce  serious  confusion,  as  it  will  lead 
to  differences  of  sometimes  a  day  or  two  in  the  reckoning  in 
parts  of  the  country  widely  separated  from  each  other  ^. 

I  have  one  other  system  to  refer  to.  In  1792,  the  French 
nation,  in  its  excessive  desire  to  sweep  away  every  vestige  of 
monarchy  and  of  the  existing  institutions  of  the  country, 
determined  on  adopting  a  new  calendar,  founded  on  very 
novel  principles;  but  finding  that  it  was  unable  to  produce 
any  plan  more  accurate  or  convenient  than  the  one  in  previous 
use,  it  only  made  some  minor  alterations.  The  first  year  of  the 
new  Republican  era  commenced  on  Sept.  22,  1792  (n.s.),  the 
day  of  the  autumnal  equinox.  The  year  consisted  of  12  months 
of  30  days  each,  with  5  supplementary  ones  kept  as  festivals. 
Every  4***  year  was  a  leap  year,  but  called  by  the  demagogues 
a  Franciad  or  Olympic  year.     The  months  were  as  follows  ^ : — 


Vindemaire     . . 

Vintage  A^ 

Brumaire 

Foggy 

Frimaire 

Sleety 

Nivdse 

.          . .        Snowy 

Pluvidse 

Rainy 

VentABe 

. .        Windy 

Germinal 

Budding 

Flor^ 

Flowering 

ft  »« 

»»  f» 

»♦  ♦♦ 

»»  ♦» 

f»  f» 

»»  tf 

»*  ** 


Oct.  12. 
Nov.  II. 
Dec.  a  I. 
Jan.  30. 
Feb.  19. 
Mar.  IX. 
April  30. 


^  An  exhaustive  account  of  the  Ma-  >  An  English  wag  composed  the  fol- 

hometan  calendar  will  be  found  in  the       lowing  paraphrase : — 
Conn,  des  7Vmp9,  1844. 

Autufim. — Wheezy,  sneezy,  breezy  ; 

Winter. — Slippy,  drippy,  nippy ; 

Spring. — Showery,  flowery,  bowery ; 

'Summer. — Hoppy,  croppy,  poppy. — 

Brady,  ClavU  Calendaria^  vol.  i.  p.  389  2nd  ed.  1812. 
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Pnirial 
Messidor 
Hiermidor 
Fructidor 


•• 


Pasture  Month,  oommenced  May  lo. 
Harvest       „  „  June  19. 

Hot  ,.  „  July  19. 

Fruit  „  „  Aug.  18. 


-   The  Festivals^  or  Jours  CampUmentaires,  were  dedicated  to : — 

Virtue  . .         . .         . .  Sept.  1 7. 

(Genius  ..  Sept.  18. 

Labour Sept  19. 

Opinion  ..  Sept.  20. 

Reward  ..  ..  Sept.  21. 

The  bissextile  day^  intercalated  every  fourth  year^  was  called 
La  Jour  de  la  Revolution,  and  was  set  apart  for  the  renewal  of 
the  oath  to  live  free  or  die  I  Not  content  to  rest  here^  these 
men  abolished  the  week^  and  divided  the  month  into  3  decades^ 
the  days  of  which  were  named  Primidi^  Duodi^  Tridi^  Quartidi^ 
&c. ;  the  loth^  or  Decadi^  being  observed  as  a  sort  of  Sabbath^ 
though  not  exactly  in  a  Christian  sense  of  the  word!  This 
state  of  things^  as  may  be  supposed,  did  not  last  long;  ^'for 
on  Jan.  i^  1806^  the  Gregorian  calendar  was  resumed^  and  the 
Republic,  which  had  legislated  for  the  4000***  year  of  its 
existence  by  name,  wore  its  own  livery  just  one  day  and  a 
quarter  for  every  one  of  those  years.'*  Fabre  D'Eglantine  was 
the  author  of  this  calendar. 

The  whole  of  the  decadery  days  were  kept,  or  ordered  to  be 
kept,  as  secular  festivals.  The  following  is  a  list  of  the  dedi- 
cations : — 


J .  Nature  and  the  Supreme  Being. 

2.  The  Human  Race. 

3.  The  French  People. 

4.  The  Beneiactors  of  Humanity. 

5.  The  Martyrs  of  Liberty. 

6.  Liberty  and  Equality. 

7.  The  Republic. 

8.  The  Liberty  of  the  World. 

9.  The  Love  of  our  Country. 

10.  The  Hatred  of  Tyrants. 

11.  Truth. 
II.  Justice. 


13.  Chastity. 

14.  Glory  and  Immortality. 

15.  Friendship. 

16.  Frugality. 

17.  Courage. 

18.  Good  Faith. 

19.  Heroism. 

20.  Disinterestedness. 

21.  Stoicism. 
12.  Love. 

23.  Conjugal  Faith. 

24.  Parental  Love. 
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25.  MatemiU  Tenderness. 

26.  Filial  Piety, 
ay.  Infancy. 

28.  Youth. 

29.  Manhood. 

30.  Old  Age. 


31.  Misfortune. 

32.  Agriculture. 

33.  Industry. 

34.  Our  Ancestors. 

35.  Posterity. 

36.  Prosperity. 


'^  That  one  day  in  the  calendar  should  have  been  appropriated 
to  the  ^Supreme  Being*  in  conjunction  wiik  'Nature*  was  a  low 
conceit  of  Robespierre,  who  meant  to  identify  Nature  with  the 
Supreme  Being  as  one  and  the  same  source;  and  yet  even  this 
slight  remembrance  of  the  Almighty  power  appears  to  have 
afforded  some  consolation  to  a  g^reat  majority  of  the  people  who 
had  not  lost  every  sense  of  religion ;  and  to  delude  them  with 
a  belief  of  his  sincerity,  that  arch-hypocrite  himself  joined  in 
apparent  devotion  to  that  Almighty  power  whose  attributes  it 
was  his  real  object  to  deride.  He  had  even  the  audacious  craft 
to  decree  a  fete  for  the  express  purpose  of  paying  adoration  to 
the  Deity,  when  for  one  day  the  fatal  guillotine  was  veiled  from 
public  view;  and  the  better  to  conceal  his  depravity,  a  hideous 
and  frightfiil  figure,  prepared  for  public  exhibition  at  the  festival, 
as  the  type  of  atheism,  was  previously  destroyed.  Part  of  the 
community,  after  these  regulations,  distinguished  Sunday  in  the 
ancient  style  of  festivity,  whereby  to  mark  the  recurrence  of  that 
holy  day,  though  no  one  had  the  temerity  publicly  to  oppose  the 
current  of  error  by  a  more  suitable  observance.  Many,  indeed, 
wholly  conformed  to  the  innovation,  and  hence  one  part  of  the 
people  shut  up  their  shops  on  Sundays,  while  the  sans  culotte 
adherents  of  Robespierre  rigidly  observed  the  decades  "."  Robes- 
pierre artfully  overcame  the  diflSculty  by  decreeing  that  both  the 
Sundays  and  the  decades  should  be  observed  as  festivals,  thus 
granting  to  the  people  88  days  of  recreation  in  the  year  instead 
of  36  or  52. 

The  year  is  the  Ingest  astronomical  chronometric  unit,  and  is 
used  to  express  all  long  periods  of  time.  It  is,  as  I  have  already 
shewn,  in  some  form  or  other  a  derivative  either  of  the  Moon's 
revolution  round  the  Earth,  or  the  Earth's  revolution  round  the 

■»  Brady,  Clavit  Calend.,  vol.  i.  p.  35. 
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Sun.  Various  times  have  been  used  to  fix  the  commencement 
of  the  year;  now  we  call  Jan.  i,  New  Yearns  Day,  though  previous 
to  the  introduction  of  the  new  style  of  reckoning  in  175a,  the 
25th  of  March  was  usually  considered  the  i"^  day  of  the  new  year. 
On  referring  to  the  Anglican  Book  of  Common  Rrayer,  it  will 
be  seen  that  the  ecclesiastical  year  begins  on  Advent  Sunday, 
whilst  the  academical  year  used  at  the  Universities  begins  in 
October.  Dec.  25,  March  i,  Easter  Day,  Sept.  22,  &c.^  have  all 
been  used  at  different  times  for  the  same  purpose. 

The  year  is  also  subdivided  into  4  quarters,  which  point  out  the 
days  on  which  the  Sun  attains  its  g^reatest  declination,  north  or 
south  (called  the  solstices,  summer  and  winter),  and  on  which 
it  is  on  the  equator  going  north  or  south  (called  the  equinoxes, 
vernal  or  autumnal).  Owing  to  physical  causes^  into  which  I 
cannot  here  enter,  these  events  do  not  now  take  place  at  equal 
intervals,  and  will  not  for  several  thousand  years  to  come.  The 
following  are  the  dates  of  the  commencement  of  the  seasons^ 
and  their  lengths,  in  i860 : — 

d.    h.     m.  d.     h.    m. 

Spring  commenoes  Mar.  19  a  i     5     ..      ..     92  ao  38  length  of  Spring. 

Summer       ,,  June  10  17  43     ..      ..     93  ^4     9  length  of  Summer. 

Autumn       ,,  Sept.  a  1     7  5a     ..      ..     89  17  59  length  of  Autumn. 

Winter         „  Dec.  11     i  51     ....     89     i     a  length  of  Winter. 

The  following  days  of  the  year  are  used  as  quarter-days,  for 
leases,  &c.,  in  England  and  Scotland : — 

England.  Scotland. 

March  a5,  or  Lady-day.  Feb.  a,  or  Candlemas-day  ". 


June  2^  or  Midsummer^y. 
Sept.  a9,  or  Michaelmas  day. 
Deo.  a5,  or  Christmas-day. 


May  15,  or  Whitsun-day. 
Aug.  ly  or  Lammas -day  ". 
Nov.  II,  or  Martinmas-day. 


*  These  are  also  used  in  several  parts  of  England. 
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CHAPTER    III. 


JlhanM  of  measwring  Time, — The  Almanac. — Epitome  of  iti  eenienU, — Times  of  Stmriee 
and  SuMUd. — Positions  of  ike  Svn,  Moon,  and  Planets. — The  Phases  rf  the  Moon. 
— The  EcclesiaHieal  CaUndar^—The  Festival  of  Easter. —Mdhod  of  calculating  it. 


IVrATURE^  though  she  has  supplied  us  with  visible  phenomena 
-^  ^  to  measure  the  larger  units  of  time^  such  as  days^  months^ 
and  years^  has  not  furnished  us  with  any  means  whereby  we  may 
measure  the  lesser  units  of  hours>  minutes^  and  seconds ;  artificial 
contrivances  must  therefore  be  sought  for.  Rough  approximations 
to  the  true  time  were  at  first  obtained  by  setting  up  gnomons,  or 
upright  staves  * ;  which,  in  conjunction  with  a  knowledge  of  the 
north  point  of  the  heavens,  would  afford  a  tolerably  correct  indication 
of  noon,  or  the  moment  of  the  Sun's  passage  over  the  meridian. 
An  instrument  constructed  with  a  gnomon  pointing  towards  the 
North  Pole  of  the  heavens  constitutes  a  sun-dial,  and  affords 
a  still  better  mode  of  ascertaining  the  hour  of  the  day.  According 
to  Herodotus,  sun-dials  were  first  introduced  into  Greece  from 
Chaldsea;  the  hemisphere  of  Berosus,  who  lived  540  B.C.,  is  the 
oldest  recorded  in  history^.  The  earliest  attempt  to  form  a  strictly 
artificial  time-keeper  is  due  to  Ctesibius,  of  Alexandrian^,  who 
invented  clepsydr€e,  or  water-clocks,  which  were  contrivances  for 
allowing  a  continuous  stream  of  water  to  trickle  through  a  small 
aperture  in  the  pipe  of  a  funnel,  the  time  being  measured  by  the 
quantity  of  fluid  discharged.     A  species  of  clepsydra,  in  which 

*  Ptolemy  describes  one    erected    at  Acropolis  at  Athens,  which  is  probably 

Alexandria.    (AVmag.,  lib.  iii.  cap.  a.)  of  the  same  kind  as  the  above.  (AnH- 

^  Described  by  Vitniyius,  De  Archi-  quities  of  Athens,  vol.  ii.) 
tectum,  lib.  ix.  cap.  9.     Stuart  mentions  «  Vitruvias,  in  loc.  cit. 

one   found   on  the  south    side    of   the 
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mercury  is  employed,  was  introduced  with  great  success  by  the 
late  Captain  Kater  for  the  measurement  of  minute  intervals  of 
time  by  persons  engaged  in  delicate  philosophical  experiments. 
Sand-glaMes,  still  used  for  boiling  eggs,  and  in  the  Houses  of 
Parliament  to  fix  the  termination  of  the  time  allotted  to  members 
to  prepare  for  a  division,  are  merely  small  clepsydrse  in  which  sand 
is  used  instead  of  water.  All  the  above  contrivances  have  now, 
more  or  less,  fallen  into  disuse,  being  supplanted  by  the  pendulum 
clock  and  the  watch — into  a  description  of  which  it  would  be 
foreign  to  my  present  purpose  to  enter. 

Of  all  secular  books  to  be  found  in  every  library,  however 
humble,  there  is  none  of  such  indispensable  value  as  the  Al- 
manac'. We  accordingly  find  an  immense  variety  in  the  cha- 
racter, size  and  price  of  the  Almanacs  now  in  circulation,  more 
especially  since  the  abolition  of  the  15-penny  stamp,  in  1834. 
One  might  imagine  that  a  book  so  generally  used  by  everybody 
would  be  fully  understood  by  all;  but  this  is  by  no  means  the 
case,  and  there  are  probably  few  things  about  which  so  much 
ignorance  prevailsj  notwithstanding  the  frequency  with  which 
the  Almanac  is  consulted. 

Tlie  word  "  Almanac''  is  derived  from  the  Arabic  word 
*'  Manah,''  to  reckon,  and  is  applied  to  publications  which  de- 
scribe the  astronomical,  civil,  and  ecclesiastical  phenomena  of 
the  year  •.  The  word  "  Calendar,''  applied,  in  a  more  limited 
Monse,  to  the  events  of  the  several  months,  comes  from  the  Oreek 
KoX/d),  I  proclaim. 

The  uMtronomical  phenomena  which  usually  find  a  place  in  good 
AlmanacH  are  the  following: — (i)  The  times  of  Sunrise  and  Sun- 
set; (2)  the  Right  Ascension  and  Declination  of  the  Sun,  Moon, 
and  principal  planets ;  (3)  the  Equation  of  Time ;  (4)  the  times  of 
High  and  Low  Water ;  (5)  the  times  of  rising,  meridian  passage, 
and  setting  of  the  Moon;  (6)  the  Moon's  phases  and  age; 
ooneorning  c»ach  of  which  I  shall  proceed  to  give  a  short  ex- 
planutioii. 

•*  Miidh  uatjftil  Information  About  Al-  •  Arago  gives  aa  the  derivation,  man, 

liMNiaiiN  and  timet  generally  will  be  found  the  Moon.     {Pop.  Ait,  vol.  it  p.  721, 

ill  I  ;haiiibeni*M  JitHtk  of  Dttiff,  vol.  i.  p.  i  Eng.  ed. 
0i  ntf. 
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(i)  If  the  Earth's  axis  were  perpendicular  to  the  plane  of  the 
ecliptic^  the  Sun  would  always  (at  the  equator)  rise  in  the  east 
and  set  in  the  west;  but  as  it  is  inclined  at  an  angle  of  66^  yi' yx"y 
this  is  not  the  case :  it  is  this  inclination  which  gives  rise  to  the 
alternation  of  the  seasons  and  the  ever-varying  length  of  each 
successive  day.  It  also  follows  from  this  that  the  hour  at  which 
the  heavenly  bodies  rise^  culminate^  and  set^  difiPers  on  the  same 
day  at  places  having  different  latitudes  or  different  longitudes. 
Celestial  objects  which  will  be  visible  from  one  place  will  be 
invisible  from  another.  Thus  the  constellation  of  the  Great  Bear^ 
which  we  see  in  England^  is  invisible  at  the  Cape  of  Gt)od  Hope ; 
and^  conversely^  the  Southern  Cross^  which  glitters  in  the  other 
hemisphere^  is  never  seen  so  far  north  as  England :  so  that 
spectators  in  northern  latitudes  look  down  at  objects  which 
spectators  in  southern  latitudes  look  up  at^  and  which  spectators 
in  the  Tropics  see  directly  over  their  heads.  These  circumstances 
must  be  borne  in  mind  when  we  are  going  to  ascertain  beforehand 
the  aspect  of  the  heavens  at  any  particular  place^  on  any  given 
night.  From  observation  and  theory  we  learn  that  the  aspect 
of  the  heavens  changes  Arom  hour  to  hour;  and^  knowing  the 
period  occupied  by  the  Earth  in  her  diurnal  rotation  and  annual 
revolution^  it  becomes  an  easy  matter  to  foretell^  by  calculation^ 
what  celestial  objects  will  be  visible  at  any  proposed  day  and  hour. 
The  presence  of  an  atmosphere  around  the  Earth  gives  rise  to  the 
phenomenon  of  refraction',  by  which  the  heavenly  bodies,  when 
in  and  near  the  horizon,  suffer  a  considerable  displacement,  equal 
to  about  33',  by  which  quantity  the  apparent  exceeds  the  true 
altitude.  Now  since  the  diameter  of  the  Sun  is  only  32',  it 
follows  that  the  Sun  is  elevated  through  a  space  equal  to  more 
than  its  own  diameter;  so  that  when  we  see  the  disc  of  the  Sun 
apparently  just  above  the  horizon,  the  Sun  itself  is,  in  reality, 
just  below  it ;  and  would  therefore,  were  it  not  for  the  atmosphere, 
be  invisible.  The  time  of  apparent  sunrise  and  sunset  is  what 
is  now  given  in  our  Almanacs.  At  the  equinoxes  only  is  it  that 
the  interval  between  sunrise  and  sunset  is   equal  to  the  interval 

'  See  above,  page  250. 
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between  sunset  and  sunrise^  or  that  the  length  of  the  day  is  equal 
to  the  length  of  the  night*:  this  occurred  on  March  i8  and 
Sept.  25  in  the  year  i860. 

(a)  The  Right  Ascension  (R.  A.)  of  a  celestial  object  is  its 
distance^  reckoned  on  the  equator^  from  the  vernal  equinox^  or 
first  point  of  Aries^  either  in  angular  measure^  of  degrees^  minutes, 
and  seconds  {°''');  or  in  time,  of  hour,  minutes,  and  seconds 
(^  m  t^ — 24  hours  making  a  circumference  of  a  circle ;  each  hour, 
therefore,  being  equal  to  15''  of  arc.  The  Declination  (d)  is  the 
angular  distance  of  a  celestial  object  from  the  equator  reckoned 
North  (-f ),  or  South  (— ),  towards  the  Poles.  Sometimes  the 
position  of  an  object  is  indicated  by  its  angular  distance  being 
reckoned  from  the  North  down  to  the  South  Pole :  when  this  is 
the  case  it  is  indicated  by  the  abbreviation  N.  P.  D. — North  Polar 
Distance. 

(3)  The  Equation  of  Time  has  already  been  explained. 

(4)  The  times  of  High  and  Low  Water  are  usually  given  for  the 
port  of  London ;  an  additional  constant,  called  the  Eatabluhment, 
being  supplied,  by  means  of  which  the  tidal  phenomena  at  all  the 
other  ports  given  in  the  list  can  be  readily  ascertained. 

(5)  When  the  Moon,  in  the  course  of  her  revolution  round  the 
Earth,  has  the  same  Right  Ascension  as,  and  passes  the  meridian 
with,  the  Sun,  it  is  said  to  be  in  conjunction  (cJ)^  or  "  New''*  (#). 
We  know  that  the  Moon  completes  a  revolution  in  29^  12**  44™ 
2*873*.  It  therefore  moves  round  the  heavens,  from  west  to  east, 
at  the  rate  of  13°  10'  ^^"  (13-1764'')  daily;  while  the  Sun  moves 
in  the  same  direction,  with  a  mean  daily  motion  of  59'  8*2" :  the 
Moon,  therefore,  departs  eastward  from  the  Sun  12®  10'  46"  every 
24  hours.  On  the  8^  day,  or  about  a  week  after  conjunction,  it 
will  be  90°  from  the  Sun.  This  phase  is  the  maximum  elongation 
Hast,  or  Eastern  quadrature  (e.  d)>  and  is  popularly  known  as  the 
"  First  quarter'*  ( ]) ).  The  Moon,  previously  a  crescent,  is  then 
halved,  with  its  illuminated  limb  turned  towards  the  Sun.  Pro- 
ceeding onwards,  it  becomes  gibbous,  and  about  14  days  from 
conjunction  attains  an  angular  distance  of  180''  from  the  Sun. 

«  This  is  not  strictly  true,  but  I  use  the  term  in  a  popuUr  sense. 
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It  is  then  in  opposition  to  the  Sun  {^),  and  the  Moon  is  said 
to  be  "Pull^'  (o)-  At  the  end  of  another  period  of  7  days^  or 
21  from  conjunction^  the  Moon,  after  becoming  gibbous^  is  again 
halved;  but  it  is  the  opposite  limb  which  is  now  illuminated. 
This  phase  is  the  maximum  elongation  West,  or  Western  quadra^ 
ture  (w.  n)>  and  is  popularly  known  as  the  "  Last  quarter''  (([ ). 
Finally^  after  the  lapse  of  another  7  days^  the  Moon  again  comes 
into  conjunction. 

In  nearly  every  Almanac  there  is  a  column  assigned  to  the 
'^  Moon's  age."  This  is  simply  the  interval  in  days  and  parts 
of  a  day  which  have  elapsed  since  the  Moon*s  last  conjunction 
with  the  Sun.  Thus^  on  Monday^  June  4^  1860^  we  find  that  at 
noon  the  Moon's  age  was  14*7 :  this  means  that  14*7  days  had 
elapsed  since  the  last  previous  conjunction  on  May  ao.  An 
examination  of  the  dates  of  several  successive  New  Moons  will 
shew  that  the  lengths  of  different  lunations  differ  considerably^ 
owing  to  the  vaiying  velocity  of  the  Moon's  orbital  motion :  this 
is  due  to  numerous  and  complicated  physical  causes^  to  which  I 
cannot  here  further  advert.  In  associating  any  lunation  with 
any  particidar  months  it  may  be  well  to  mention  that  the  Moon 
does  not  take  its  name  from  the  month  in  which  it  passes  the 
principal  part  of  its  time^  but  from  the  one  in  which  the  lunation 
terminates.  Thus,  in  the  year  1859,  the  "June  Moon"  is  the 
one  which  commences  on  May  31,  and  terminates  on  June  30. 
All  writers  on  chronology  agree  in  this  arrangement,  which  is 
sometimes  attended  with  rather  absurd  consequences.  There  were, 
in  fact,  in  1859,  two  "  May  Moons;"  the  whole  of  the  first,  how- 
ever, with  the  exception  of  2^  10**,  belonging  to  the  month  of 
April.  Since  the  month  of  February  in  a  common  year  only 
contains  28  days,  and  a  lunar  month  always  exceeds  29  days, 
it  will  sometimes  happen  that  there  will  be  no  "  February  Moon" 
at  all. 

It  is  not  necessary  to  advert  to  the  civil  portion  of  the  Calendar 
further  than  to  mention  that  Quarter-days,  Law  and  University 
Term-days,  and  anniversaries  of  important  by-gone  events,  &c., 
all  find  a  place  in  every  well-appointed  Almanac. 

The  Ecclesiastical  Calendar  has  for  its  object  the  regulation  of 

Qg2 
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ilia  different  Sundays  and  festivals  ordained  by  the  Church  to 
be  kept  holy.  Some  religious  festivals — such  as  the  Feast  of 
S.  Andrew^  the  Nativity  of  our  Lord,  the  Annunciation  of  the 
Blessed  Virgin,  &c. — are  observed  on  the  same  day  of  the  month 
every  year;  others,  such  as  Easter,  return  on  different  days  in 
different  years,  whence  they  are  termed  Moveable  Festivals.  Easter 
is  the  most  important  of  all,  for  upon  this  depend  nearly  all  the 
rest. 

The  Jewish  Feast  of  the  Passover  was  observed  in  accordance 
with  the  foUowing  commands : — "  In  the  i"*  month,  on  the  14^** 
day  of  the  month  at  even,  ye  shall  eat  unleavened  bread,  until 
the  ai"*  day  of  the  month  at  even.*'  {Exodus,  xii.  18.)  Again: — 
''In  the  14***  day  of  the  i**  month  at  even,  is  the  Lord's 
Passover.''  {Leviticus,  xxiii.  5.)  And  since  our  Saviour  was 
orueified  at  the  time  of  the  Jewish  Passover,  our  festival  of  Easter 
has  ever  been  a  moveable  one.  The  word  is  probably  of  Saxon 
origin,  for  the  ancient  Saxons  sacrificed  in  the  month  of  April 
to  a  goddess  whom  they  called  Eoster  (in  Greek  Astarte,  and  in 
Hebrew  Ashtaroth^),  whose  name  was  given  to  the  month  in 
question.  It  has  been  suggested  that  the  word  Host  in  Saxon 
refers  to  ^^  rising,"  and  that  the  point  of  the  compass  now  known 
by  that  name  derived  it  from  the  rising  of  the  Sun,  and  the 
festival  from  the  rising  of  our  Saviour.  Another  derivation  is 
the  Saxon  yst,  a  storm,  on  account  of  the  tempestuous  weather 
which  frequently  prevailed  at  this  season  of  the  year.  That  the 
observance  of  Easter  as  a  Christian  institution  is  as  ancient  as  the 
times  of  the  holy  Apostles  there  can  be  no  doubt;  but  in  the 
^^  century  a  controversy  arose  as  to  the  exact  time  at  which  it 
ought  to  be  celebrated.  The  Eastern  Church  elected  to  keep  it 
on  the  14***  day  of  the  i**  Jewish  month;  and  the  Western  on  the 
night  which  preceded  the  anniversary  of  our  Saviour's  Resurrec- 
tion. The  objection  to  the  former  plan  was,  that  the  festival  was 
commonly  held  on  some  other  day  than  the  i*^  day  of  the  week, 
which  was  undoubtedly  the  proper  one.    The  disputing  branches  of 


*^  Vide  Milton,  Paradise  Latt,  b.  1. 1. 438,  where  it  is  r^erred  to  as  a  Phoenician 
deity. 
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the  Catholic  Church  each  had  their  own  way  until  325  a.d.^  when 
the  Council  of  Nicsea  ordered  that  it  should  be  kept  on  the  Sunday 
which  falls  next  after  the  first  Full  Moon  following  the  21st  of  March, 
the  vernal  equinox.  If  a  Full  Moon  fall  on  the  21st  of  March,  then 
the  next  Full  Moon  is  the  Paschal  Moon  ;  and  \f  the  Paschal  Moon 
fall  on  a  Sunday,  then  the  next  Sunday  is  Easter  Day. 

By  common  consent^  it  is  not  the  apparent  or  real  Sun  and 
Moon  which  is  employed  in  finding  Easter^  hut  the  mean  or 
fictitious  sun  and  moon  of  astronomers.  We  must^  therefore, 
not  be  surprised  at  finding  sometimes  the  Easter  of  any  year  not 
agreeing  with  the  above  definition.  Such  was  the  case  in  1845 
and  in  1818^  when  violent  controversies  took  place  about  it. 
Suppose^  for  instance^  that  the  real  opposition  of  the  Sun  and 
Moon  took  place  at  11^  59°^  p.m.^  March  21^  and  the  mean 
opposition  2^  afterwards.  It  is  clear  that,  counting  by  the  real 
bodies,  the  Full  Moon  in  question  would  not  be  the  Paschal  Moon^ 
while  that  of  the  mean  bodies  would  be  so'.  However,  the 
following  rules  will  determine  the  Easter  Day  of  chronologists  for 
any  year  of  the  Christian  era,  and  this  is  all  that  is  necessary  ^ : — 

I.  Add  I  to  the  given  year. 
II.  Take  the  quotient  of  the  given  year,  divided  by  4,  neglecting  the  remainder. 

III.  Take  16  from  the  oenturial  figure  of  the  given  year  if  it  can  be  done. 

IV.  Take  the  remainder  of  III,  divided  by  4,  neglecting  the  remainder. 
V.  From  the  sum  of  I,  II,  and  lY,  subtract  III. 

VI.  Find  the  remainder  of  V,  divided  by  7. 
YII.  Subtract  VI  from  7  :  this  is  the  number  of  the  DoKDraoAL  Lbtter. 

A        B        C        D        E        F        G 

1234567 

VIII.  Divide  I  by  19 :  the  remainder  (or  19  if  there  is  no  remainder)  is  the  GrOLOiN 

NUMBEB. 

IX.  From  the  centurial  figures  of  the  year  subtract  1 7,  divide  by  15,  and  keep  the 
quotient. 
X.  Subtract  IX  and  15  from  the  centurial  figures,  divide  by  3,  and  keep  the 
quotient. 

XI.  To  VIII  add  10  times  the  next  less  number,  divide  by  30,  and  keep  the 
remainder. 

*  The  investigation  of  this  question  is  De  Morgan,  in  the   CcxmponloA  to  lAe 

too  long  and  complicated  to  interest  the  Almanac  for  1845,  p.  i  ef  seq, 
general  reader.     Those  who  wish  for  it  ^  Gauss's    method   is    a   very    good 

will  find  it  in  a  valuable  memoir,  by  Prof.  one. 
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XIL  To  XI  add  X  and  IV,  and  take  away  III,  throwing  out  the  thirties,  if  any. 
If  this  gives  24,  change  it  into  25.    If  25,  change  it  into  26,  whenever  the 
Golden  Number  exceeds  11.    If  o,  change  it  into  30.    Thus  we  get  the 
.     Epaot. 

When  the  Epact  i«  23  or  lett.  When  the  Epael  it  greater  than  23. 

XIII.  Subtract  XII  from  75. 

XIY.  Subtract  the  Epact  from  57, 
divide  by  7,  and  keep  the 
remainder. 


Xni.  Subtract  XII  from  45. 

XIV.  Subtract  the  E^>aot  from  27, 
divide  by  7,  and  keep  the 
remainder. 


XV.  To  XIII  add  VII  (and  7  besides,  if  XIV  be  greater  than  VII)  and 
subtract  XTV,  the  result  is  the  day  of  March,  or,  if  more  than  31, 
subtract  31,  and  the  result  is  the  day  of  April  on  which  Easter  Day 
falls. 

The  following  exemplifies  the  above  rule : — 

To  find  when  Easter  faUe  in  1865. 
I.     1865  +  IB1866. 

II.     — ^■■406:  I  rem. 
4 

m.     18-16-2. 

IV.     -  «=o:  2  rem. 

4 

V.     1866  +  466  +  0— 2^2330. 

VI.    ^^  =  33:  36  rem. 
7 

VII.    7—6=1:  whence  A  is  the  Domikioal  Letter. 

Vni.    =98 :  4  rem.    .".  4  is  the  Golden  Number. 

19 

___     18-17 

IX.    i«-o:  I  rem. 

X.  ^^-^"^'^Li. 

3 

XI.     - — -  —  1:4  rem. 
30  ^ 

Xn.    4  +  I  +  o—  2^3:  which  is  the  Epact. 

XIII.  45-3«42. 

XIV.  ^^  =  3:  3  rem. 

7 

XV.    42  +  1  +  7  — 3->47  ;  subtract  31,  and  we  get  April  16  as  Easter  Day. 
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Easter  Day  being  known^  any  of  the  other  days  depending 
on  it  can  readily  be  found. 

Septuagesima  Sunday  is  9  weeks 

Sexageaima  Sunder  is  8  weeks 

Shrove  or  QiUnquagemma  Sunday  is  7  weeks 

Shrove  Tuesday  and  A$h  Wedneiday  follow  Quinquageiima  Sunday 

Quadragesima  Sunday  is  6  weeks 

Palm  Sunday  is  i  week 

Oood  Friday  is  2  days 

Low  Sunday  is  i  week 

Rogation  Sunday  is  5  weeks 

Ascension  Day,  or  Holy  Thursday,  follows  Rogation  Sunday 

Whitsun-Day  is  7  weeks 

TrisUly  Sunday  is  8  weeks 


u 
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CHAPTER   IV. 


Tk6  Domini4xd  or  Sunday  Letter. — Method  of  fauUng  tl. — lt$  use. — The  Lvmair  or 
MeUmic  CycU,—The  Oolden  Number.— The  Bpact,—7%e  Solar  CycU.-^Tke  Inr 
diction. — Hu  Dionynan  period. — The  Julian  period. 

THE  Dominical  Letter,  called  also  the  Sunday  Letter^  is  an 
expedient  by  means  of  which  we  can  readily  find  out  the  day 
of  the  week  on  which  any  day  of  the  year  falls^  knowing  the  day 
of  the  week  on  which  New  Year's  Day  falls.  To  the  first  7  days 
of  January  are  affixed  the  first  7  letters  of  the  alphabet — ^A,  B^  C, 
D^  E^  F^  G;  and  of  these^  that  which  denotes  Sunday  is  the 
Dominical  Letter.  Thus^  if  Sunday  is  New  Year's  Day,  then  A  is 
the  Dominical  Letter ;  if  Monday,  that  letter  is  G ;  and  so  on. 
If  there  were  364  days,  or  5a  weeks,  exactly  in  the  year,  then  the 
Dominical  Letter  would  always  be  the  same;  but  as  the  year 
contains  about  ^6^^  days,  or  1^  more  than  364,  this  excess  has 
to  be  taken  into  account  every  year,  and  the  \  makes  a  day  in 
every  4  years ;  so  that  the  Dominical  Letter  falls  backward  one  letter 
every  common  year,  and  two  letters  every  Bissextile  or  Leap  year. 
Knowing  the  Dominical  Letter,  we  can  ascertain  all  the  Sundays, 
all  the  Mondays,  &c.,  in  the  year.  The  reason  why  Leap  years 
have  2  letters  may  be  thus  explained: — ^Take,  for  example,  the 
year  i860.  The  year  begins  on  a  Sunday,  so  A  is  the  Sunday 
Letter;  but  the  intercalary  day,  February  29,  throws  back  the  i* 
of  March  a  day  later  than  it  would  otherwise  have  been,  and 
therefore  the  Sunday  Letter  for  the  following  10  months  is  thrown 
back  I— that  is  to  say,  to  G ;  so  that  the  Dominical  Letters  for 
i860  are  A  and  G.    The  following  examples,  worked  according  to 
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the  I*  part  of  the  rule  already  given  to  find  Easter,  illustrate  the 
practical  use  of  a  knowledge  of  the  Dominical  Letter  : — 

I.  What  day  of  the  week  is  June  4,  4779  ? 

I.  4779+1=4780. 

4770 

II.  -^-^=1194:  3  rem. 

4 
in.    47-i6«3i. 

IV.     ^"«7:3rem. 

4 

V.    4780+1194  +  7-31-5950. 

VI.    525?  =  850:  orem. 
7 

VII.     7 -o «  7.     . •.  G  is  the  Dom.  Letter. 

Now  June  3  has  G  affixed  to  it>  .and  is  Sunday  ;  whenoe  June  4,  4779,  will  fall  on  a 
Monday. 

1.  What  is  the  i»*  Sunday  in  June,  1865  ? 

I.     1865  +  1. 


II. 

— ^0406:  I  rem. 

III. 

i8-i6«J. 

IV. 

-  =0 :  a  rem. 
4 

V. 

1866  +  466  +  0— 1  =  1330, 

VI. 

^^  =  33a  :  6  rem. 

7 
VII.     7—6=1.     .*.  A  is  the  Dom.  Letter. 

Now  June  4  has  A  affixed  to  it,  so  that  day  is  the  i"^  Sunday  in  June  in  1865. 

Since  the  Solar  year  consists  of  365^  5^  48"*  48%  therefore  19 
Solar  years  will  consist  of  about — 

6939*  I4*>  27™  ia»  ; 

and  since  the  mean  duration  of  a  Lunar  month  is  29*  12^*  44"  3% 
therefore  235  mean  Lunar  months  will  consist  of  about — 

6939*  i6J»  31™  45". 

Thus  we  see  that  19  Solar  years  fall  short  of  235  Lunar  months  by 
only  2^  4°*  33' ;  if,  therefore,  any  given  length  of  time  be  resolved 
into  periods  of  19  years  each,  the  same  phases  of  the  Moon  which 
are  presented  in  any  year  of  i  cycle  will  be  reproduced  in  the 
corresponding  year  of  the  following  cycle,  but  2^  4"*  33'  later. 
If  we  reckoned  time  by  Solar  years,  and  if  the  length  of  each 
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lunation  were  always  29*  la**  44"  3%  the  days  of  the  Moon's  changes 
in  any  i  cycle  being  known^  the  days  of  the  Moon's  changes  in 
very  succeeding  and  every  preceding  cycle  could  be  easily  ascer- 
tained. But  since  the  Solar  year  of  365**  5^*  48™  48*  is  not  employed, 
and  the  duration  of  different  lunations  varies,  the  reproduction  of 
Lunar  phases  on  corresponding  days  does  not  take  place. 

''Unlike  the  Astronomical  year  [Solar],  the  Civil  year  is  not 
constantly  of  the  same  length.  It  consists,  as  has  been  already 
explained,  sometimes  of  365  and  sometimes  of  366  days.  Neither 
is  a  cycle  of  19  successive  Civil  years  always  of  the  same  length. 
Such  a  cycle  contains  sometimes  5  and  sometimes  only  4  Leap 
years,  and  consists,  therefore,  sometimes  of  6940  and  sometimes  of 
6939  days.  It,  therefore,  sometimes  exceeds  a  cycle  of  19  Astro- 
nomical years  by  nearly  a  quarter  of  a  day,  and  sometimes  falls 
short  of  such  a  cycle  by  more  than  three-quarters  of  a  day.  If  4 
successive  cycles  of  19  Civil  years  be  taken,  3  of  them  will  exceed 
I  Astronomical  year  by  something  less  than  a  quarter  of  a  day, 
and  the  4^  will  fall  short  of  an  Astronomical  year  by  something 
more  than  three-quarters  of  a  day.  The  total  length  of  the  4 
successive  cycles  of  19  Civil  years  will  be  as  nearly  as  possible 
equal  to  4  cycles  of  19  Astronomical  years  *. 

"  Thus  it  is  evident  that  the  Civil  year,  though  variable  in  length, 
oscillates  alternately  on  one  side  and  the  other  of  the  Astronomical 
year;  and,  in  like  manner,  the  cycle  of  19  Civil  years,  which  is 
also  variable  by  i  day,  oscillates  at  each  side  of  the  cycle  of  19 
Astronomical  years.  The  Civil  year  and  the  Civil  cycle  are 
alternately  overtaking  and  overtaken  by  the  Astronomical  year  and 
cycle,  and  their  average  lengths  are  respectively  equal  in  the  long 
run  to  the  average  length  of  the  latter.  In  like  manner  the  Lunar 
month  is  subject  to  a  certain  limited  variation ;  so  that  the  phases 
of  the  real  Moon  are  alternately  overtaking  and  overtaken  by  those 
of  the  average  moon. 

''Now,  let  us  imagine  a  fictitious  moon  to  move  round  the 
heavens  in  the  path  of  the  real  Moon,  but  with  such  a  motion  that 
its  periodical  phases  shall  take  place  in  exact  accordance  with  the 

*  This  cycle  of  76  years  (19  x  4)  is  known  as  the  Calippic  period,  from  Calippus  its 
discoverer. 
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Civil  years^  and  with  the  cycles  of  19  Civil  years^  in  the  same 
manner  as  the  phases  of  the  real  Moon  recur  in  the  succession  of 
Astronomical  years^  and  in  the  cycle  of  19  Astronomical 
years.  Such  a  fictitious  moon  then  is  the  Ecclesiastical  Moon^ 
and  is  the  moon  whose  phases  are  predicted  in  the  Calendar. 
It  will  be  evident  from  all  that  has  been  said  that  this 
Ecclesiastical  Moon  will  alternately  pursue^  overtake^  and  outstrip 
the  real  Moon^  and  be  pursued,  overtaken,  and  outstripped  by  it ; 
that  they  will  thus  make  together  their  successive  revolutions  of 
the  heavens,  that  they  will  never  part  company,  and  that  neither 
will  outstrip  nor  fall  behind  the  other  beyond  a  certain  distance, 
which  is  limited  by  the  extent  of  the  departure  of  the  Civil  from 
the  Astronomical  year,  and  by  that  of  the  real  from  the  average 
Lunar  Month.'* 

The  course  of  time  is  now  considered  as  made  up  of  so  many 
cycles  each  of  19  Civil  years ;  and  it  has  been  agreed  that  each 
cycle  shall  commence  with  a  year,  the  i^  day  of  which  shall  be  the 
last  of  the  preceding  lunation,  or  the  day  on  which  the  age  of  the 
following  Moon  is  o.  The  number  which  marks  the  place  of  any 
given  year  in  the  cycle  is  termed  the  Golden  Number,  and  the 
period  the  Lunar  or  Metonic  Cycle,  from  its  discoverer,  Meton. 
When  the  discovery  of  this  cycle  was  first  published,  so  great  was 
the  popular  favour  which  was  bestowed  upon  it,  that  it  was 
ordered  to  be  written  up  in  letters  of  gold^.  The  age  of  the 
Ecclesiastical  Moon  on  the  i^  day  of  the  i"'  year  of  the  cycle 
being  known,  its  age  upon  the  i^*  day  of  any  succeeding  year  of 
the  cycle  may  be  determined.  The  number  which  expresses  the 
age  of  the  Moon  upon  the  i"*  day  of  any  year  of  the  cycle  is  called 
the  EpacU  The  series  of  Epacts  corresponding  to  the  years  of 
a  Lunar  cycle  are  given  in  the  following  table : — 

Year  of  Cycle  i    a     3456     7    8    9  10  11  la  13  14  15  16  17  18  19 
Epact  o  II  aa  3  14  a5  6  17  aS   9   ao    1    la  33   4    15  36   7    18 

The  method  of  finding  the  Golden  number  and  Epact  for  any 
given  year  has  already  been  shewn  in  the  rule  for  finding  Easter. 

^  The  Metonic  Cycle  was  adopted  on      which  happened  at  7**  43™  p.m.,  was  the 
July  16,  43a  B.C.,  and  the  New  Moon,      actual  commenoement  of  it. 
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^e  Solar  (h/ele  is  the  period  of  years  that  elapses  before  the 
days  of  the  week  correspond  to  the  same  days  of  the  month.  If 
there  were  364  days  in  the  year,  this  would  happen  every  year; 
if  365,  it  would  happen  every  7***  year  :  but  because  the  i  of  a  day 
makes  an  alteration  of  a  whole  day  in  4  years,  the  cycle  must 
extend  to  7  x  4,  or  28  years.  Nine  years  of  this  cycle  had 
elapsed  at  the  birth  of  Christ.  Therefore,  to  find  the  cycle  of  the 
Sniiy  add  ^  to  the  given  yeaty  and  divide  by  28,  and  the  quotient  will  be 
the  number  of  cycles  since  the  commencement  of  the  Christian  Era,  and 
the  remainder  is  the  cycle  of  the  Sun. 

Example.    To  find  the  Cycle  of  the  Sun  for  1865  : — 

I.  1865  -f  9  «  1S74. 

1S74 

IL  «  66 :   a6  rem. ; 

aS 

whence  a6  is  the  nnmber  in  the  SoUur  Cyde  for  the  given  year. 

The  cycle  of  the  Indiction  has  no  immediate  connexion  with 
the  motions  of  the  Sun  and  Moon,  but  it  may,  however,  as  well 
be  referred  to  here.  It  is  a  period  of  15  years,  first  established 
as  a  conventional  division  of  time  in  the  Roman  empire  by  the 
Emperor  Constantine.  It  has  been  conjectured,  though  Arago 
considers  the  notion  baseless,  that  it  was  designed  to  supersede 
the  Pagan  method  of  reckoning  time  by  Olympiads — ^periods 
of  4  years,  familiar  to  every  classical  reader.  Unlike  the  Golden 
Number  and  the  Epact,  the  Indiction  was  purely  a  Civil  period. 
Gregory  VII  finally  fixed  upon  the  i**  day  of  the  year  313  a.d.  as 
the  commencement  of  the  Indiction,  whence  it  follows  that  the 
I"*  year  of  the  Christian  era  was  the  4***  of  the  current  Indiction. 
To  find  the  Indiction,  add  ^  to  the  given  year,  and  divide  by  15,  and 
the  remainder  will  be  the  Indiction. 

Example.    To  find  the  Indiction  for  1865  : — 

I.  1865  +  3  -  1868. 

1868 
II.  «  ia4:  8; 

whence  8  is  the  Indiction  of  the  given  year. 

The  Dionysian  Period  is  obtained  by  a  combination  of  the  Lunar 
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and  Solar  cycles,  forming  a  period  of  532  years  (19  x  28  =  532); 
at  the  end  of  which  time  the  changes  of  the  Moon  take  place 
on  the  same  days  of  the  week  and  month  as  before.  This  period 
is  said  to  be  valuable  for  testing  the  accuracy  of  chronological 
statements,  4 

The  Julian  Period,  a  period  useful  in  chronology,  is  obtained 
by  multiplying  together  the  Lunar  cyde,  the  Solar  cycle,  and 
the  Indiction,  forming  a  period  of  7980  years-  - 

(19  X  a8  X  15  B  7980.) 

''  The  number  7980  is  formed  by  the  continual  multiplication  of 
the  3  numbers  28,  19,  and  15  :  that  is  of  the  cycle  of  the  Sun,  the 
cycle  of  the  Moon,  and  the  cycle  of  Indiction.  The  1*  year  of  the 
Christian  Era  had  10  for  its  number  in  the  cycle  of  the  Sun,  %  in 
the  cycle  of  the  Moon,  and  4  in  the  Indiction.  Now  the  only 
number  less  tiian  7980  which  on  being  divided  successively  by 
28,  19,  and  15,  leaves  the  respective  remainders  10,  2,  and  4,  is 
4714.  Hence  the  i"^  year  of  the  Christian  Era  corresponded  with 
4714  of  the  Julian  Period  V  The  i"*  year  of  the  Julian  Period 
was  therefore  4713  B.C.  It  was  Scaliger  who  propounded  this 
period  ^. 


«  £rande*8    Dictionary,    Art.    Julian  und  iechnisehen  Chronologie.    Eras  and 

Period.  epochs  are  treated  of  at  length  by  De 

<*  The  standard  work  on  chronology  is  Morgan  in   the  Companion  to   the  Al- 

Ideler's  ffandbut^  der    Muihemaiiachm  tnanac  for  1850. 
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*'  O  ye  Stan  of  Heaven,  bless  ye  tlie  Lord  :  praise  Him,  and  magnify 

Him  for  ever.** — BmedicUe. 


The  PoU-Star.  —  Not  cUwoffi  the  aame,  —  Ouriotu  circtmuUmce  cmnetUd  with  the 
Pyramids  of  Egypt, — Stan  doifi^fted  tnto  difertMt  magnitmUi. — Antiqyity  of 
the  eu§tom  of  forming  them  into  groups. — AnomalieM  of  the  preaent  eyttem. — 
Stdlar  photometry. — Dielancee  of  the  Stan. — How  dittinguiahed, — Antiquity  of 
the  custom  of  naming  Stan. — Invention  of  the  Zodiac. — Letters  introduced  by 
Bayer. — Effects  of  the  increcued  can  bestowed  on  observations  of  the  Stan. — 
Ideas  of  the  Ancients  on  the  Stan. — Bemarks  by  Sir  J.  Berschd. 

I¥y  on  some  clear  evenings  the  reader  will  take  the  trouble  to 
station  himself  on  the  summit  of  any  rising  ground  and  east 
his  eye  upwards^  he  will  see  the  sky  spangled  with  countless 
multitudes  of  brilliant  specks  of  light ;  these  are  the  fixed  stars 
(we  shall  presently  see  that  this  appellation  is  not  strictly  correct) : 
an  attentive  observer  will  soon  notice^  also^  that  the  stars  he  is 
contemplating  seem  to  revolve  in  a  body  around  one  situated 
in  the  norths  about  (in  England)  midway  between  the  horizon 
and  the  zenith;  this  is  the  Pole-star,  so  called  from  its  being 
near  the  Pole  of  the  celestial  equator.  On  account,  however,  of 
the  precession  of  the  equinoxes,  the  present  Pole-star  (a  Urs» 
Minoris)  will  not  always  be  such;  the  true  Pole  is  now  about 
i^""  from  this  star;  this  distance  will  be  gradually  diminished 
until  it  is  reduced  to  about  half  a  degree :  it  will  then  increase 
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again,  and  after  the  lapse  of  a  long  period  of  time,  the  Pole 
will  depart  from  this  star,  which  will  then  cease  to  bear  the 
name  or  serve  the  purposes  of  a  Pole-star.  About  4000  years 
ago  the  star  y  in  the  constellation  Draco  fulfilled  this  office; 
12,000  years  hence,  it  will  fall  to  the  lot  of  a  brilliant  star  of 
the  I  "j**  magnitude — Fe^a  (a  LyraB) — ^which,  now  51®  20'  from  the 
Pole,  will  then  have  approached  to  within  5®  of  the  polar  point. 

Connected  with  this  subject  a  curious  circumstance  was  noticed 
in  the  researches  which  were  made  in  Egypt  some  years  ago. 
Of  the  9  pyramids  which  still  remain  standing  at  Gizeh,  6  have 
openings  facing  the  north,  leading  to  straight  passages,  which 
descend  at  an  inclination,  varying  from  26"*  to  27%  the  direction 
of  these  passages  being,  in  all  cases,  parallel  to  the  meridian. 
Now  if  we  suppose  a  person  to  be  stationed  at  the  bottom  of  any 
one  of  these  passages,  and  to  look  up  it,  as  he  would  through 
the  tube  of  a  telescope,  his  eye  will  be  directed  to  a  point  on 
the  meridian  26**  or  27°  above  the  plane  of  the  horizon ;  and  this 
is  precisely  the  altitude  at  which  the  star  y  Draeonis  must  have 
passed  the  iQwer  meridian,  at  the  place  in  question,  4000  years 
before  the  present  time.  Now  the  date  of  the  construction  of 
these  pyramids  (the  great  pyramid  bears  the  date  of  2123  B.C.)  cor- 
responds almost  exactly  with  that  epoch,  and  it  cannot  be  doubted 
that  the  peculiar  direction  given  to  these  passages  must  have  had 
reference  to  the  position  of  y  Draconis,  the  then  Pole-star  •. 

The  stars,  on  account  of  their  various  degrees  of  brilliancy,  have 
been  distributed  into  classes  or  orders.  Those  which  appear 
largest  are  called  stars  of  the  i"*  magnitude;  next  to  these  come 
stars  of  the  2°*  magnitude ;  and  so  on  to  the  6**»,  which  are  the 
smallest  visible  to  the  naked  eye.  This  distribution  having  been 
made  long  before  the  invention  of  telescopes,  those  stars  which  can- 
not be  seen  without  the  assistance  of  these  instruments  are  called 
telescopic^  and  are  classed  in  magnitudes  varying  from  the  7***  to 
the  i8**»  or  20***;  these  latter,  of  course,  being  only  visible  in  the 
most  powerful  instruments  hitherto  constructed;  nor  does  there 
seem  the  least  reason  to  assign  a  limit  to  this  progressive  diminu- 

*  Phil.  Mag.,,  vol.  xxiv.  pp.  481-4.    June  1S44.    Pytheas  of  MaraeOles,  330  B.C., 
first  noticed  that  the  8o*called  Pole-star  was  not  situated  exactly  at  the  Pole. 
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tioiij  inasmuch  as  past  experience  has  shewn  that  every  successive 
improvement  in  the  construction  of  telescopes  brings  to  light  new 
objects ;  and  there  is  no  reason  why  the  past  should  not  hold  good 
for  the  future.  Some  astronomers,  when  they  wish  to  signify  that 
a  star  occupies  an  intermediate  place  between  7,  magnitudes,  mark 
it  thus — 1-2:  or  thus — 2-i,  These  dots  are  not  intended  as 
decimal  points,  but  mean  that  the  star  is  below  the  i**  and  above 
the  %^^  magnitude;  in  the  former  case  nearer  the  i"^  than  the 
a"*,  in  the  latter  nearer  the  2"**  than  the  i*'.  This  system  is  a 
very  clumsy  one,  and  its  continuance  is  to  be  deprecated. 

From  the  earliest  ages  of  antiquity  it  has  been  the  custom 
to  arrange  the  stars  in  groups  or  constellations,  for  the  purpose 
of  more  readily  distinguishing  them ;  each  one  having  some  special 
figure  to  which  the  configuration  of  its  stars  may  be  supposed 
to  bear  some  resemblance,  which,  in  the  majority  of  instances, 
is  purely  imaginary.  Modem  astronomers  have  continued  this 
arrangement  chiefly  on  account  of  the  confusion  that  would  arise 
were  any  change  to  be  made.  We  often  find  that  one  constellation 
contains  an  isolated  portion  of  another,  just  as  one  county  some- 
times wholly  surrounds  a  parish  belonging  to  another.  Stars, 
too,  often  occur  under  different  names  ^.  Many  catalogue-stars 
never  existed,  but  owe  their  creation  to  mistakes  of  observers. 
Constellations  are  recognised  by  some  and  not  by  others;  while 
the  same  names  are  repeated  in  different  parts  of  the  heavens  : 
such  are  a  few  of  the  anomalies  of  the  present  system  *. 

The  constellations  will  again  be  referred  to  in  a  subsequent 
chapter. 

Concerning  the  comparative  brilliancy  of  the  stars,  we  know 
little  for  certain.  Sir  W.  Herschel  gives  the  following  table 
of  the  light  emitted  by  stars  of  different  magnitudes,  as  deduced 
from  his  own  observations,  an  average  star  of  the  6^  magnitude 
being  taken  as  unity. 

6<'»  magnitade  « 

a  if 

^  Baily,  in  the  Brit.  Aitoc,  Oat,  of  Stars,  p.  75.  gives  a  list. 

*  Vide  remarks  by  Baily  in  the  Introduction  to  the  B.A.C,  p.  5«  H  »eq. 
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Sir  J.  Herschel  ascertained  that  the  light  of  Sirius  (the  brightest 
of  all  the  fixed  stars)  is  about  324  times  that  of  an  average  star 
of  the  6*^  magnitude.  From  direct  photometrical  experiments^ 
Dr.  Wollaston  found  that  the  light  of  the  Sun,  as  received  by 
us,  exceeded  by  20,000,000,000  times  that  of  Sirius ;  consequently, 
in  order  that  the  Sun  might  appear  to  us  no  brighter  than  Sirius, 
it  must  be  removed  from  us  not  less  than  13,433,000,000,000 
miles — a  distance  utterly  beyond  the  limits  of  human  compre- 
hension. 

The  different  degrees  of  brilliancy  observable  in  the  stars  is 
probably  due  to  one  or  other  of  the  following  reasons: — Either 
(i)  they  are  all  of  the  same  size,  but  situated  at  different  dis- 
tances j  or  (2)  they  arc  of  different  sizes,  but  at  the  same  distances. 
If  we  suppose  the  first  to  be  the  true  hypothesis'*,  and  take 
the  light  of  a  star  of  each  magnitude  to  be  half  that  of  the 
magnitude  next  above  it,  we  find  that  the  distance  of  a  star  of 
the  16*^  magnitude  cannot  be  less  than  362  times  that  of  a 
star  of  the  i**  magnitude®;  and  *^as  it  has  been  considered 
probable  from  recondite  investigations,  that  the  average  distance 
of  a  star  of  the  i"'  magnitude  from  the  Earth  is  986,000  radii 
of  our  annual  orbit,^^  it  follows  that  a  16*^- magnitude  star  is 
distant  from  us  32,634,292,000,000,000  miles — a  diiitance  which 
light,  with  a  velocity  of  184,000  miles  per  second,  would  occupy 
5620  years  in  traversing !  Although,  of  course,  these  stupendous 
numbers  are  only  approximations  founded  on  calculation,  yet  the 
actual  distances  of  12  stars  have  been  carefully  and  satisfactorily 
ascertained  within  the  last  few  years. 

The  determination  of  the  distance  of  the  stars  is  effected  by 
ascertaining  by  instrumental  observations  the  amount  of  their 
annual  parallax,  or  displacement  in  the  heavens.  The  non-detection 
of  stellar  parallax  afforded  for  a  long  time  a  much  resorted  to, 
and  certainly  to  some  extent  plausible,  argument  against  the 
soundness  of  the  Coperniean  theory  of  the  universe.  Since 
it  happens  that  the  stars,  with  few  exceptions,  do  not  ex- 
hibit parallax,   and   since   also    the   fact    of  the  orbital   motion 

<'  Probably  each  is  partially  true.  •  Sir  J.  Herschel. 

uh 
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of  the  Earth  round  the  Sun  rests  on  the  most  undoubted  evidence^ 
it  follows  that  the  general  absence  of  parallax  can  only  be  ascribed 
to  the  fact  that  the  stars  must  be  placed  at  such  distance  from 
UB,  that^  comparatively,  the  Earth's  orbit,  of  a  diameter  of 
183,000,000  miles,  is  something  utterly  insignificant, — a  mere 
point,  when  considered  in  reference  to  the  distances  of  the  stars 
themselves. 

It  might  be  supposed  that  since  the  character  and  laws  of 
parallax  are  so  clearly  understood  as  they  are,  the  discovery  of 
its  existence  could  present  no  great  difficulty.  Nevertheless, 
nothing  in  the  whole  range  of  astronomical  research  has  more 
baffled  the  efforts  of  observers  than  this  question.  This  has  arisen 
altogether  from  the  extreme  minuteness  of  its  magnitude.  It  is 
quite  certain  that  the  parallax  does  not  amount  to  so  much  as  i"  in 
the  case  of  any  of  the  numerous  stars  which  have  been  as  yet 
submitted  to  the  course  of  observation  which  is  necessary  to 
discover  the  parallax.  Now,  since  }n  the  determination  of  the 
*  exact  uranographical  position  of  a  star  there  are  a  multitude  of 
disturbing  effects  to  be  taken  into  account  and  eliminated,  such 
as  precession,  nutation,  aberration,  refraction,  and  others,  besides 
the  proper  motion  of  the  star,  which  will  be  explained  hereafter ; 
and  since,  besides  the  errors  of  observation,  the  quantities  of  these 
are  subject  to  more  or  less  uncertainty,  it  will  astonish  no  one  to 
be  told  that  they  may  entail,  upon  the  final  result  of  the  calcula- 
tion, an  error  of  i" ;  and,  if  they  do,  it  is  vain  to  expect  to 
discover  such  a  residual  phenomenon  as  parallax,  the  entire  amount 
of  which  is  less  than  i'\ 

If  in  any  case  the  parallax  could  be  determined,  the  distance 
of  the  star  could  be  immediately  inferred.  For,  if  this  value  of 
the  parallax  be  expressed  in  seconds,  or  in  decimals  of  a  second, 
and  if  r  denote  the  semidiameter  of  the  Earth's  orbit,  d  the 
distance  of  the  star,  and  p  the  parallax,  we  shall  have — 

306265 

p 
If,  therefore,  jd=i",  the  distance  of  the  star  would  be  296,265 
times  the  distance  of  the  Sun;  and  since  it  may  be  considered 
satisfactorily  proved  that  no  star  which  has  ever  yet  been  brought 
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under  observation  has  &  parallax  greater  than  this^  it  may  be 
a£Srmed  that  the  star  in  the  universe  nearest  to  the  solar  system 
is  at  a  distance  from  it,  at  least,  906,265  times  as  great  as  that 
of  the  Earth  from  the  Sun. 

Let  us  consider  more  attentively  the  import  of  this  conclusion. 
The  distance  of  the  Sun,  expressed  in  round  numbers  (which  are 
su£Scient  for  our  present  purpose),  is  91I-  millions  of  miles.  If 
this  be  multiplied  by  206,265,  we  shall  obtain, — not  indeed  the 
distance  of  the  nearest  of  the  fixed  stars, — but  the  inferior  limit 
of  that  distance,  that  is  to  say,  a  distance  within  which  the  star 
cannot  lie.     This  limit,  expressed  in  miles,  is 

d  =  206,265  ^  9i»430>o<^  =  18,858,800,000,000  miles, 

or  nearly  19  billions  ofmilea. 

In  the  contemplation  of  such  numbers  the  imagination  is  lost, 
and  no  clear  conception  remains,  except  that  of  the  mere 
arithmetical  expi;ession  of  the  result  of  the  computation.  Astro- 
nomers themselves,  accustomed  as  they  are  to  deal  with  stupendous 
numbers,  are  compelled  to  seek  for  units  of  proportionate  magni« 
tude  to  bring  the  arithmetical  expression  of  the  quantities  within 
moderate  limits.  The  motion  of  light'  supplies  one  of  the  most 
convenient  moduli  for  this  purpose,  and  has,  by  common  consent, 
been  adopted  as  the  imit  in  all  computations  the  object  of  which  is 
to  gauge  the  universe.  It  is  known  that  light  moves  at  the  rate 
of  184,000  miles  per  second.  If,  then,  the  distance  d  above 
computed  be  divided  by  184,000,  the  quotient  will  be  the  time, 
expressed  in  seconds,  which  light  takes  to  move  over  that  distance. 
But  since  even  this  will  be  an  unwieldy  number,  it  may  be  reduced 
to  minutes,  hours,  days,  or  even  to  years. 

In  this  manner  we  find  that,  if  any  star  have  a  parallax  of  i", 
it  must  be  at  such  a  distance  from  our  system  that  light  would 
take  3' 1 12  years,  or  3  years  and  40  days,  to  come  from  it  to 
the  Earth. 

If  the  space  through  which  light  moves  in  a  year  be  taken, 

therefore,  as  the  unit  of  stellar  distance,  and  p  be  the  parallax 

expressed  in  seconds,  or  decimals  of  a  second,  we  shall  have 

31" 
d^- 

P 

u  h  2 
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It  will  easily  be  imagined  that  astronomers  have  diligently 
directed  their  observations  to  the  discovery  of  some  change  of 
ipparent  position,  however  small,  produced  upon  the  stars  by 
the  Earth^s  motion.  As  the  stars  most  likely  to  be  affected  by 
the  motion  of  the  Earth  are  those  which  are  nearest  to  the  system, 
and  therefore  probably  those  which  are  brightest  and  largest,  it 
has  been  to  such  that  this  kind  of  observation  has  been  chiefly 
directed ;  and  since  it  was  certain  that,  if  any  observable  effect  be 
produced  by  the  Earth^s  motion  at  all,  it  must  be  extremely  small, 
the  nicest  and  most  delicate  means  of  observation  were  those  alone 
from  which  the  discovery  could  be  expected. 

One  of  the  earlier  expedients  adopted  for  the  solution  of  this 
problem  was  the  erection  of  a  telescope,  of  great  length  and  power, 
in  a  position  permanently  fixed — attached,  for  example,  to  the  side 
of  a  pier  of  solid  masonry,  erected  upon  a  foundation  of  rock. 
This  instrument  was  screwed  into  such  a  position  that  particular 
stars,  as  they  crossed  the  meridian,  would  necessarily  pass  within 
its  field  of  view.  Micrometric  wires  were,  in  the  usual  manner^ 
placed  in  its  eye-piece,  so  that  the  exact  point  at  which  the  stars 
passed  the  meridian  each  night  could  be  observed  and  recorded 
with  the  greatest  precision.  The  instrument  being  thus  fixed  and 
immovable,  the  transits  of  the  stars  were  noted  each  night,  and 
the  exact  places  where  they  passed  the  meridian  recorded.  This 
kind  of  observation  was  carried  on  through  the  year ;  and  if  the 
Earth^s  change  of  position,  by  reason  of  its  annual  motion, 
should  produce  any  effect  upon  the  apparent  position  of  the  stars, 
it  was  anticipated  that  such  effect  would  be  discovered  by  these 
means.  After,  however,  making  all  allowance  for  the  usual 
causes  which  affect  the  apparent  position  of  the  stars,  no  change 
of  position  was  discovered  which  could  be  assigned  to  the  Earth's 
motion '. 

Only  12  stars  are  knoton  to  possess  a  sensible  parallax. 
Particulars  of  them  are  given  in  the  following  table,  but  the 
old  values  of  the  Sun's  parallax,  and  of  the  velocity  of  light,  have 
been  retained. 

^  The  preceding  remarka  on  Htellar  parallax  are  from  the  MutMm  of  Seiet^ce^ 
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8tar. 

1 
Parallax. 

Distance. 

Observer. 

Sun's  distance 

Annual 
motion  of 
light «>  I. 

3-52 

a  Centauri     . .     . . 

0*9187 

224,000 

Maclear. 

6i  Cygni 

05638 

366,000 

577 

Auwers. 

21258  Lalande 

0*2709 

761,000 

1201 

Auwers. 

17415  Oeltzen 

0*247 

?35,ooo 

1309 

Krttger. 

1830  Groombridge 

0*226 

912,000 

14*31 

C.  A.  Peters. 

70  Ophiuchi 

0*16 

1,286.000 

20*21 

KrUger. 

a  Lyne 

0155 

1.337.000 

2086 

W.  &  0.  Struvo. 

Sinus         

0-150 

i,375.coo 

21-56 

Henderson,  Peters. 

1  Ufbs  Majoris 

0133 

1,550.000 

24-31 

C.  A.  Peters. 

Arcturus 

0*127 

1.624,000 

25*46 

C.  A.  Peters. 

Polaiii 

OJ067 

3,078,000- 

4^*26 

C.  A.  Peters. 

Capella 

0*046 

4,484,000 

7030 

C.  A.  Peters. 

Stars  are  distinguished  from  one  another  in  various  ways :  the 
ancients  were  in  the  habit  of  indicating  the  locality  of  a  star  by  its 
position  in  the  constellation  to  which  it  belonged ;  thus  Aldebarai? 
was  called  Ocuhis  Tauri,  This  custom  was  also  followed  by  the 
Arabians,  and,  indeed,  many  of  the  names  applied  by  them  are 
still  retained  in  a  corrupted  form ;  thus  Betelgueze  (a  Orionis)  is 
a  corruption  of  iht-aUjauza^  signifying  "the  giant's  shoulder/' 
Bayer,  the  German  astronomer,  was  the  first  to  improve  upon  the 
old  plan,  which  he  did  by  publishing  in  1604  ^  celestial  atlas,  in 
which  the  stars  of  each  constellation  were  distinguished  by  the 
letters  of  the  Greek  alphabet;  the  brightest  receiving  the  name 
of  a,  the  next  /3,  and  so  on.  Bayer's  letters  are  still  in  common 
use ;  the  name  of  the  constellation  in  the  genitive  case  being  put 
after  each ;  thus  Procyon  is  termed  a  Canis  Minoris ;  Vega, 
a  Lyree ;  Arcturus,  a  Bootis.  It  should  be  remarked  that,  owing 
either  to  carelessness  on  the  part  of  Bayer,  or  to  change  in  the 
brightness  of  the  particular  stars,  or  to  both  causes  combined,  this 
alphabetical  arrangement  does  not,  in  all  cases,  accurately  represent 
the  relative  brilliancy  of  the  different   stars   in   a   constellation. 
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Flamsteed^  the  first  Astronomer  Royal  at  Greenwich^  affixed 
numbers  to  the  stars  observed  by  him. 

The  subject  of  the  photometry  of  stars^  though  one  of  much 
importance^  has  received  but  little  attention  from  the  practical 
astronomer.  The  common  method  of  classifying  stars  into  ar- 
bitrary magnitudes  is  both  vague  in  theory  and  contradictory  in 
practice.  It  is  vague^  inasmuch  as  the  place  of  a  star  in  the 
scale  of  magnitudes  conveys  but  little  definite  idea  of  its  own 
actual  brilliancy ;  and  it  is  contradictory  in  a  remarkable  degree^ 
inasmuch  as  the  same  star  has  in  numberless  instances  a  different 
magnitude  assigned  to  it  by  different  authorities  s. 

The  practice  of  giving  names  to  the  stars  is  an  early  one, 
and  probably  originated  with  the  ChaldsBans.  Intimations  of  this 
custom  may  be  found  in  the  Holy  Scriptures. 

"  Which  maketh  Ash,  Kenlt  and  Kimah,  and  the  chambers  of  the  south  ^.'* 

"  Canst  thou  bind  the  sweet  influences  of  Eimah,  or  loose  the  bands  of  KfMl  f 
Canst  thou  bring  forth  Mazzaroth  in  his  season  ?  Or  canst  thou  guide  Ath  with  his 
sonsir 

"  Seek  him  that  maketh  Kimah  and  KetU^r 

The  invention  of  the  zodiac  has  been  ascribed  to  the  Egyptians. 
Dupuis  especially  advocated  this  opinion,  and  thought  that  the 
constellations  in  question  had  reference  to  the  division  of  the 
seasons,  and  to  the  agriculture  at  the  time  of  their  invention. 
He  supposed  Cancer  to  represent  the  retrogradation  of  the  Sun 
at  the  solstice,  and  Libra  the  equality  of  the  day  and  night  at  the 
equinoxes.  This  idea  is  undoubtedly  supported  by  several  curious 
coincidences :  for  instance,  the  inundation  of  the  Nile,  which  takes 


»  Sir  J.  Herschel,  Res.  of  Ast.  06»., 
p.  304. 

^  Jobf  ix.  9. 

*  Ibid,  xxxviii.  31-a. 

^  AmoSf  V.  8.  It  ia  not  known  for 
certain  what  stars  or  constellations  are 
referred  to  in  these  verses,  but  the  ren- 
dering given  in  our  translation  rests  on 
insufficient  authority.  It  is  probable, 
however,  that  Mazzaroth  may  mean  the 
circle  of  the  zodiac,  but  the  others  are 
doubtful.  Parkhurst  {Lexicon)  thinks 
that  the  application  of  the  Greek  names 
of  certain  constellations  to  the  Hebrew 


originals,  as  is  done  in  the  Authorised 
Version,  here  and  elsewhere,  and  by  the 
LXX  previously,  is  only  fiuoif  ul.  Barnes, 
however  {Notes  on  Job),  derives  Kimckh 
from  a  root  signifying  a  heap,  and  ap- 
plicable to  the  I^leiades,  and  Kesil  from 
another  root  signifying  to  he  strong,  and 
thus  applicable  to  that  constellation 
known  as  the  strong  man,  corresponding, 
as  may  be  conjectured,  to  what  the 
Greeks  called  Orion.  (See  Clam.  Diet.) 
It  should  be  added  that  what  is  com- 
monly considered  to  be  the  root  of  Kimah 
means  to  he  hot,  and  of  Kesil,  to  he  8t{f» 
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place  after  the  summer  solstice^  happens  when  the  Sun  is  in 
Aquarius  and  Pisces;  and  Yirgo^  usually  represented  as  a  woman 
holding  an  ear  of  corn,  coincides  with  the  time  of  the  Egyptian 
harvest. 

The  insuperable  objection  to  this  theory  is  the  excessive  an- 
tiquity which  it  assigns  to  the  zodiac  (not  less  than  15,000  years). 
As  this  is  historically  inadmissible,  and  directly  opposed  to  Divine 
Revelation,  Dupuis  gets  over  the  difficulty  by  supposing  the  names 
to  have  been  given,  not  to  the  constellations  in  conjunction,  but  to 
those  in  opposition  to  the  Sun.  This  only  requires  the  constella- 
tions to  have  been  devised  B.C.  2500+  ;  in  this  form  the  idea  is 
adopted  by  Laplace  and  others  as  correct  \  It  has  been  asserted 
that  the  Jews  were  acquainted  with  the  zodiac^  and  even  that  in 
Gen,  i.  14  the  uses  of  the  heavenly  bodies — ^to  divide  the  seasons^ 
years,  and  days— are  set  forth.  Whilst  on  this  subject  it  may  be 
mentioned  that  in  Gen,  i.  5  we  find  that  "  the  evening  and  the 
morning  were  the  first  day :  ^*  that  is  to  say,  the  course  of  this 
revolution  was  from  evening  (place  of  sunset,  or  West)  to  morn- 
ing (place  of  sunrise,  or  East) ;  thereby  clearly  pointing  out  to  us 
that  the  axial  rotation  of  the  Earth  is  from  West  to  East — a  fact 
which  we  also  know  from  other  sources. 

Seneca  attributes  the  sub-division  of  the  heavens  into  con- 
stellations to  the  Greeks,  1400  or  1500  years  b.c.°"  It  may  be 
mentioned  as  a  somewhat  singular  fact,  that  the  Iroquois,  a  North 
American  Indian  tribe,  should  have  applied  the  name  of  the  Bear 
to  the  group  Ursa  Major,  in  common  with  the  earliest  Asiatic 
nations,  so  remote  from  them,  more  especially  as  it  ofiers  no 
resemblance  whatever  to  that  animal. 

The  present  system  of  constellations,  though  on  the  whole 
valuable,  presents  many  anomalies,  which  require  reforming.  Thu^ 
Aries  should  no  longer  have  a  horn  in  Pisces  and  a  leg  in  Cetus ; 
nor  should  13  Argiis  pass  through  the  Unicorn's  flank  into  the 
Little  Dog  :  51  Camelopardi  might  with  propriety  be  extracted 
from  the  eye  of  Auriga ;  and  the  ribs  of  Aquarius  released  from 
46  Capricorni. 

1  Jlitt,  of  Ast.  L.U.K.y  p.  16.  »  QtuEtt.  Nai,,  lib.  vii.  cap.  25. 
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With  refereuce  to  the  present  mode  of  identifying  stars  hy 
letters^  it  may  be  remarked  that  though  the  idea  was  carried  out 
practically  by  Bayer",  as  mentioned  above,  yet  Piccolomini,  who 
was  born  at  Vienna  in  1508  and  died  there  in  1578,  did  the  same 
thing.  The  letter  system  is  defective  in  this  respect,  that  in  large 
constellations  the  alphabet  is  so  soon  used  up:  indeed,  as  Mr. 
Baily  remarks.  La  Caille  has,  in  the  constellation  Arg^  alone, 
besides  the  Oreek  alphabet,  employed  the  whole  of  the  Roman 
alphabet,  both  in  small  and  capital  letters,  each  of  them  more  than 
3  times;  in  fact  he  has  used  nearly  180  letters  in  that  con- 
stellation alone.  ^'  Thus  we  have  3  stars  marked  a,  and  7  marked 
A ;  6  marked  d,  and  5  marked  D ;  and  so  on  with  several 
others/' 

As  greater  pains  came  to  be  taken  in  the  observation  of  the 
heavens,  the  number  of  stars  enumerated  increased — a  fact  which 
of  course  we  should  be  led  to  expect.  The  following  table* 
exemplifies  this.  It  shews  the  number  of  stars  reckoned  in  the 
following  constellations  by  5  different  catalogue-makers  living  at 
different  epochs. 


Aries 

Ursa  Major 
Bootes    .. 
Leo 

Virgo  . . 
Taurus  . . 
Orion 


Ptolemy. 

IS 
35 

35 
3^ 
44 
38 


Tycho 
Brahe. 


II 

56 

38 

40 
39 
43 
6a 


Hevelius.    Flamsteed. 


37 

73 

52 

50 
50 

51 
61 


66 

87 

54 

95 
110 

I4I 
78 


Bode. 


148 
338 
319 
337 
4" 
394 
304 


In  the  great  trapezium  of  Orion  upwards  of  2000  stars  have 
been  counted. 


"  Baypr  was  .something  of  an  astro- 
loger. In  the  I'*  edition  of  the  Urano- 
metria  he  han  marked  many  objects 
supposed  to  have  some  kind  of  influence 


over  mundane  aflfairs. 

^  A  fuller  one  will  be  found   in  the 
Eneycl.  M«t.^  p.  506. 
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The  ideas  of  the  ancients  on  the  fixed  stars  were  very  '^  misty/' 
Anaximenes  (550  B.C.)  thought  the  stars  were  for  ornament^  and  \ 
nailed^  as  it  were^  like  studs  in  the  crystalline  sphere.  Pythagoras 
pronounced  each  star  to  be  a  distinct  world  with  its  own  landj 
water^  and  air.  The  Stoics^  Epicureans,  and  indeed  almost  all  the 
ancient  schools  of  philosophy,  held  that  the  stars  were  celestial 
fires  nourished  by  the  caloric  or  igneous  matter  which  they 
believed  ever  to  stream  out  from  the  centre  of  the  universe. 
Anaxagoras  (450  B.C.)  considered  that  the  stars  were  stones 
whirled  upwards  from  the  Earth  by  the  rapid  motions  of  the 
ambient  ether,  the  inflammable  properties  of  which  setting  them 
on  fire  caused  them  to  appear  as  stars.  Callimachus  describes 
the  circumpolar  stars  as  feeding  on  air ;  and  Lucretius,  pondering 
on  the  subject,  and  not  doubting  the  fact,  asks  "  Unde  ssther 
sidera  pascit?''  Stars  were  at  one  time  looked  upon  as  the 
spiraculay  or  breathing  holes,  of  the  universe. 

Sir  John  HerscheFs  remarks  on  the  stars  are  very  forcible.  He 
says  :  ^'  The  stars  are  the  land-marks  of  the  universe ;  and  amidst 
the  endless  and  complicated  fluctuations  of  our  system,  seem 
placed  by  its  Creator  as  guides  and  records  not  merely  to  elevate  our 
minds  by  the  contemplation  of  what  is  vast,  but  to  teach  us  to 
direct  our  actions  by  reference  to  what  is  immutable,  in  His  works. 
It  is  indeed  hardly  possible  to  over-appreciate  their  value  in  this 
point  of  view.  Every  well-determined  star,  from  the  moment  it« 
place  is  registered,  becomes  to  the  astronomer,  the  geographer,  the 
navigator,  the  surveyor,  a  point  of  departure  which  can  never 
deceive  or  fail  him,  the  same  for  ever  and  in  all  places,  of  a  delicacy 
so  extreme  as  to  be  a  test  for  every  instrument  yet  invented  by 
man,  yet  equally  adapted  for  the  most  ordinary  purposes;  as 
available  for  regulating  a  town  clock  as  for  conducting  an  army  to 
the  Indies ;  as  effective  for  mapping  down  the  intricacies  of  a  petty 
barony  as  for  adjusting  the  boundaries  of  transatlantic  empires. 
When  once  its  place  has  been  thoroughly  ascertained  and  carefully 
recorded,  the  brazen  circle,  on  which  that  useful  work  was  done, 
may  moulder,  the  marble  pillar  totter  on  its  base,  and  the  as- 
tronomer only  survive  in  the  gratitude  of  his  posterity :  but  the 
record  remains,  and  transfuses  all  its  own  exactness  into  every 
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determination  which  takes  it  for  a  ground-work^  giving  to 
inferior  instruments^  nay,  even  to  temporary  contrivances, 
and  to  the  observations  of  a  few  weeks  or  days,  all  the 
precision  attained  originally  at  the  cost  of  so  much  time,  labour, 
and  expense  p/' 

P  Men.  R.A.S^  vol.  iU.  p.  125. 


MoHociB<xna. 


fCAHCR:.     (i^S) 


HUI.TIFI.B  BTABS. 
{Dratim  U>  tea}'  bg  G.  P.   Cliamhm.} 
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CHAPTER  11. 

DOUBLE    STARS,    ETC. 

But  few  known  uniU  Sir  W.  Heri^ekd  commenced  hie  eearch  for  them. — Laboure  of 
Sir  J,  Herachel  and  P.  0.  W.  Struve — Examplee.  —  Optical  Double  Stare. — 
Binary  l^are. — JMecovered  by  Sir  W.  Herechd.  —  Exam f dee.  —  Lint  of  Optical 
Doublee. — Coloured  Stare. — Examplee* — Generalisation  a  from  Struve*e  Catalogue, 
— Stare  changing  colour. — Triple  Stare. — Quadruple  Stare. — MiUUple  Stan. 

A  LTHOUGH  to  the  unaided  eye  all  the  stars  appear  single,  yet 
-^^  in  numerous  instances  the  application  of  suitable  optical 
assistance  shews  that  many  consist  in  reality  of  2  stars,  placed  in 
juxtaposition  so  close  together  that  they  appear  as  one.  These  are 
termed  double  stars  ».  Only  4  of  these  objects  were  known  until 
Sir  W.  Herschel,  by  means  of  the  powerful  telescopes  constructed 
by  himself,  discovered  a  large  number  never  before  buspected.  He 
observed  and  catalogued  altogether  about  500,  which  subsequent 
observers,  especially  F.  G.  W.  Struve  and  Sir  J.  Herschel,  have 
augmented  to  nearly  6000. 

The  following  have  been  selected  by  Sir  J.  HerseheP  from 
Struve^s  catalogue  as  remarkable  examples  of  each  class,  well 
adapted  for  observation  by  amateurs  who  may  be  disposed  to  try 
by  them  the  efficiency  of  telescopes. 

"  The  first  application  of  this  term  was  ^'  Outlinee  of  Ast,  p.  609,  kindly  re- 

by    Ptolemy,    who    called    r  Sagittarii^      vised  by  Mr.  Dawes  for  this  work. 
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If  two  stars  lie  very  nearly  in  the  same  line  of  vision,  whatever 
their  distance^  they  will  form  an  optical  double  star^  or  one  whose 
components  are  only  apparently  and  not  really  in  juxtaposition. 
Sir  W.  Hersehel^  thinking  that  a  prolonged  and  carefiil  scrutiny  of 
some  of  these  double  stars  (mere  optical  doubles  as  he  regarded 
them)  might  ultimately  afford  data  for  determining  their  parallax, 
applied  himself  in  1779  and  subsequent  years  to  the  formation  of 
an  extensive  catalogue,  embodjring  measurements  of  position  and 
distance  for  future  reference.  '^On  resuming  the  subject,  his 
attention  was  diverted  from  the  original  object  of  the  inquiry  by 
phenomena  of  a  very  imexpected  character,  which  at  once  engrossed 
his  whole  attention.  Instead  of  finding,  as  he  expected,  that  an- 
nual fluctuation  to  and  fro  of  one  component  of  a  double  star  with 
respect  to  the  other — that  alternate  increase  and  decrease  of  their  dis- 
tance and  angle  of  position  which  the  parallax  of  the  Earth's  annual 
motion  would  produce — ^he  observed  in  many  instances  a  regular 
progressive  change;  in  some  cases  bearing  chiefly  on  their  dis- 
tance, in  others  on  their  position,  and  advancing  steadily  in  one 
direction,  so  as  clearly  to  indicate  a  real  motion  of  the  stars  them- 
selves, or  a  general  rectilinear  motion  of  the  Sun  and  whole  solar 
system,  producing  a  parallax  of  a  higher  order  than  would  arise 
from  the  Earth's  orbital  motion,  and  which  might  be  called 
systematic  parallax.''  To  put  the  matter  in  a  few  words,  in  1802 
Herschel  announced  to  the  Royal  Society,  in  a  memorable  paper, 
the  existence  of  sidereal  systems,  consisting  of  2  stars  revolving 
about  each  other  in  regular  elliptic  orbits,  and  constituting  binary 
stars — a  term  introduced  to  distinguish  them  from  optical  double 
stars,  in  which  no  periodic  change  is  discoverable  ^. 

The  double  stars  which  after  the  lapse  of  25  years  were  found 
by  Herschel  to  possess  this  orbital  motion  were  about  50  in 
number;  subsequent  observers  have  added  many  more,  and, 
according  to  Madler,  the  number  of  stars  now  recognised  to  be 
thus  in  motion  amounts  to  ftdly  600. 

«  Phil.  Tran«.,vol.xcliii.  p.  339e<«f9.,  Mitchell  {PML  Trans.,  vol,  Ivii.  p.  234, 

1803  ;    see  also  vol.  xcliv.  p.  353  et  teq,,  1767)  both  conjectured  the  existence  of 

1804.     It  may  be  worth  mentioning  that  binary  stars. 
Lambert    {Lettrea    Cagmologiques)    and 
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The  following  table  furnishes  information  concerning  some  of 
the  more  remarkable  of  these  objects^  together  with  the  elements 
of  their  orbits  determined  by  the  several  computers  named^  on 
the  principles  of  the  Newtonian  law  of  gravitation — a  law  which 
was  first  practically  applied  to  this  branch  of  sidereal  astronomy 
by  M.  Savary  in  1830,  in  the  case  of  f  Ursae  Majoris  **. 


star. 

Period. 

PP. 

Semi-axis 
Major. 

ff 

Calculator. 

(HerculiB 

If  Coronie  Borealia   . 

(Cancri 

{  TJrsse  Majoris 
a  Centauri 

«  Leonis 

70  Ophiuchi 

3062  2       

7  Coronap  Australia  . 
( Bootis 

8  Cygni 

11  Cassiopeise     . . 

7  Virginis 

ff  Coronee  Borealis   . 

Castor        

61  Cygni  

u^  Bootis 

• 

Yean. 
363 
43*6 

58-9 
631 

75*3 
82-5 

92*8 

947 
1 00 -8 

117-1 

1787 
181 

1821 

1951 
2526 

452 
649-7 

1200 

18304    ;      1 25 
1850-3         0-95 

1853-4          *29 
1816-3          2*45 

1858           30 
18497          085 
18127            4*»9 
1837*4     '       1*25 
18630     1       2-54 
17798     '     1256 
18628            i-8i 
17150          1033 

1836-4           358 
1831-1            2-71 
18558            808 

154 
i8i;2*S           ^-21 

044 
028 
0-23 

039 
0-96 

0-64 

044 

0-44 

060 

0-59 

0-f:0 
077 
087 
0-30 
075 

•    o-8^ 

Viilarceao. 

Winnecke. 

Madler. 

J.  Breen. 

R  B.  PoweU. 

Madler. 

Madler. 

Madler. 

Jacob. 

J.  Herschel. 

Hind. 

E.  B.  Powell, 

J.  Herschel. 

Jacob. 

J.  Herschel. 

Hind. 

^  Ij^onifl    •  •                • 

1 

1 

The  work  of  cataloguing  double  stars,  initiated  by  Sir  W. 
Herschel,  was  followed  up  with  great  assiduity  by  W.  Struve, 
whose  large  catalogue  of  31 12  stars — the  Mensura  Micromefrica — 
was  published  at  St.  Petersburg  in  1837.  Other  subsidiary  cata- 
logues were  also  published  at  different  times  by  this  observer. 
The  system  which  he  adopted  was  to  divide  all  the  double  stars 


<*  C<mn.  des  Temps,  1830.  Four  ob- 
servations in  position  and  distance  are 
necessary  for  laying  down  the  orbit  of  a 
binary   star.      Encke*s  method   will   be 


found  in  the  Berlin  Epkemeris  for  1832, 
and  Sir  J.  Herschers  in  Mem,  K.A.S., 
vol.  V.  p.  171.  See  also  Arago^s  Pop.  AH., 
£ng.  ed.,  vol.  i.  p.  301. 
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measured  by  him  into  8  classes^  and  each  class  into  2  sub-classes^ 
according  to  the  angular  distance  of  the  components.  The  8 
principal  classes  were  as  follows: — 


I.  .. 

•  • 

Dist. 
leas  than  i 

V.     .. 

Dist. 
// 

..    between  8 — la 

II. .. 

•  • 

between  i — a 

VI.     .. 

..      la— 16 

III.  .. 

•  • 

..     2 — ^ 

Vll.     .. 

i6 — 24 

IV.   .. 

•  • 

• .          •  •    ^ — 8 

VIII.     .. 

24—32 

The  arrangement  of  the  sub-classes  had  regard  to  the  mag- 
nitudes of  the  component  stars.  The  i**  sub-class  of  every  prin- 
cipal class  consisted  of  conspicuous  doubles,  or,  as  Struve  called 
them,  duplices  lucida  ;  the  2"^  of  less  important  doubles,  or  duplices 
reliqua.  The  former  comprised  stars  each  component  of  which 
exceeded  in  brightness  the  8  J  magnitude ;  the  latter,  stars  between 
the  magnitudes  8  J  and  12 — which  last  was  assumed  to  be  the 
smallest  visible  in  the  telescope  employed  (the  Pulkova  refractor 
of  15  English  inches  aperture).  Struve's  system  is  arbitrary  and 
inconvenient,  in  the  respect  that  double  stars  which  are  also 
binaries  (as  many  are)  frequently  pass  from  one  class  to  another 
in  the  course  of  a  few  years,  and  likewise  on  account  of  the 
magnitudes  not  being  comparable  with  those  assessed  on  the 
common  scale.  Neither  Struve^s  classification  nor  his  scale  of 
magnitudes  have  been  generally  adopted  by  subsequent  observers. 
References  to  Struve^s  catalogue  are  generally  indicated  thus — 2. 

Of  late  years  the  subject  of  double  stars  has  received  much 
attention  from  Smyth,  Dawes,  Jacob,  and  Fletcher  in  England, 
and  from  Secchi  and  Dembowski  on  the  Continent.  A  compre- 
hensive general  catalogue  of  all  the  known  double  stars  (similar 
in  character  to  Sir  J.  HerschePs  recent  great  catalogue  of  nebulse) 
is  now  a  desideratum. 

According  to  Smyth,  of  653  stars  in  Struve^s  8  orders  there 
are  probably  only  48  which  are  optically  double.  Of  the  wider 
ones  none  have  so  changed  in  position  as  to  enable  any  orbit  to 
be  determined,  whence  it  is  concluded  that  even  where  they  have 
a  physical  connexion  the  period  of  revolution  cannot  be  less  than 
20,000  years.  This  statement  was  made  more  than  20  years  ago, 
and  ]  erhaps  now  requires  to  be  qualified. 

I  1 
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Ha«s. 

Diit. 

// 

I  — II 

•        43 

I  — I  a 

io8 

i|_io     . 

15a 

a  — la     . 

ao8 

The  following  are  given  by  Smyth  as  a  few  of  the  more  re*" 
markable  optically-double  stars : — 

Vega  (a  Lyrae) 
Aldebaran  (a  Tauri)  . . 
Altair  (a  Aqvili^) 
Pollux  (3  G^minoram) 

Many  double  stars  exhibit  the- curious  and  beautiful  pheno- 
menon of  complementary  colours.  In  such  instances  the  larger 
star  is  usually  of  a  ruddy  or  orange  hue^  and  the  smaller  blue 
or  g^een.  When  complementary  colours  are  found  in  a  double 
star  whose  components  are  of  very  unequal  size,  we  may  attribute 
the  circumstance  only  to  the  effect  of  contrast ;  yet  it  can  hardly 
be  doubted  that  in  many  eases  bond  fide  colour  exists.  Single 
stars  of  a  fiery  red  or  deep  orange  are  not  uncommon,  but  isolated 
blue  or  green  stars  are  very  exceptional.  Amongst  the  conspicuous 
stars  j3  Librae  appears  to  be  the  only  instance.  The  following 
may  be  cited  as  good  examples  of  coloured  pairs : — 


Name. 

B.A. 

1870. 

Decl. 

1870. 

Ma«.  of 

Compo< 

nents. 

Oolourof 
A. 

Oolourof 
B. 

97  Caiwiopeise.. 

h.  m.     B. 

0  41   15 

0        / 
+  57     7'8 

4    7i 

Yellow  .... 

Purple. 

a  Piscium  .... 

I  55  18 

+   a    81 

5     6 

Pale  green . . 

Blue. 

7  Andromedse 

1  55  55 

+  41  43-4 

3i5} 

Orange  .... 

Sea  green. 

1  Cancri    .... 

8  38  49 

+  19  14*0 

5i8 

Orange  .... 

Blue. 

ff  BootU    .... 

14  39  18 

+  37  37*4 

3     7 

Pale  orange 

Sea  green. 

f  CoronsB  .... 

15  34  39 

+  37     36 

5    6 

White    .... 

Light  purple. 

a  Herculis..  .. 

« 

17    8  43 

+  14  32a 

l\l\ 

Orange  .... 

Emerald  green. 

/5  Cygni 

19  25  a8 

+  27  413 

3     7 

Yellow 

Sapphire  blue. 

0  Cassiopeiie. . 

33  51  26 

+  55     1*8 

6    8 

Greenish    . . 

Bright  blue. 

The  following  are  some  generalisations  from  Struve's  catalogue  *. 
Of  596  bright  double  stars  there  were : — 

375  pairs  of  the  same  colour  and  intensity. 

loi  pairs  of  the  same  colour  but  different  intensity. 

120  pairs  of  totally  different  colours. 


*  Quoted  in  Smyth's  CyrJt  of  Cel.  Obj.,  vol.  i.  p.  301.    See  the  original. 
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Amongst  those  of  the  same  colour  the  white  greatly  pre- 
dominated^ and  of  476  specimens  of  that  species  there  were : — 

295  pain  both  white. 
118  pairs  yellowish  or  reddish. 
63  pairs  both  bluish. 

The  number  of  the  reddish  stars  is  double  that  of  the  bluish  stars ; 
and  that  of  the  white  stars  is  2^  times  as  great  as  the  number  of 
red  ones.  The  combination  of  a  blue  companion  with  a  coloured 
primary  happens : — 

53  times  with  a  white  principal  star. 
5a  times  with  a  light  yellow. 
5  a  times  with  a  yellow  or  red. 
16  times  with  a  green. 

The  question  of  change  in  the  colour  of  stars  must  be  answered  in 
the  aflSrmative,  though  the  examples  yet  known  are  few.  Ptolemy 
and  Seneca  expressly  declare  that  at  their  time  Sirius  was  of  a 
reddish  hue^  whereas  now^  as  is  well  known^  it  is  of  a  brilliant 
white.  It  would  also  seem  that  y  Leonis  and  y  Delphini  have 
changed  since  they  were  first  observed  by  Sir  W.  Herschel.  He 
says'  that  they  were  perfectly  white,  whereas  now  the  larger 
components  of  each  are  both  yellow,  and  the  smaller  both  green. 
The  same  observer  also  states  that  1 1  stars  in  Leo  have  changed 
their  lusfre  since  the  time  of  Flamsteed. 

When  very  powerful  telescopes  are  directed  upon  some  stars 
which  with  smaller  ones  are  only  seen  as  single  stars  or  doubles^ 
they  will  be  found  to  consist  of  3  or  more  stars  grouped  together : 
such  are  termed  triples,  quadruples,  quintuples,  or  multiples,  as  the 
case  may  be.     The  following  are  examples : — 

'  Quoted  in  Smyth's  Cyde,  voL  i.  p.  303.     I  have  been  unable  to  find  the  original. 
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N»me. 


Tbiples. 
^  Caasiopeis 
7  AndromediB     . . 
3760  H  ColumbsB 
II  MonooeroUfl  .. 
II  Lyncis    .. 
3938  H.  Puppis  . . 
(  CSaocri 
7  Argils 

3837B.A.C.VolaiitiB 
AVelorum  .. 
1604  2  Crateris  . . 
7  Centauri  .. 
51  Libno     .. 
3791  South,  Sa^ttarii 


QUADRUPLIS. 

v'  Canis  Majoris 

fi  Lyna        

511a  H  Sagittarii 
178  P  XX.  Delphini 
8'Lacertffi 


L 


QUINTUPLB. 

3780  H  Leporifl  .. 

Multiples. 
<r  Orionia     

a  Crucis       

ff  Lyne        

/3  Capricomi 


R.  A  1870. 


h.  m.    1. 
I   16  47 

I  55  55 

5  91     6 

6  23   31 

6  34  44 

7  048 

8  4  45 

8    5  31 
8  ao  33 

8  34  58 

la    a  27 

14  13  90 

15  57  i.< 
17  54  31 


6  49  33 

18  45  15 

19  »5  55 
ao  35    o 

33  30    6 


5  33  44 


Deol.  1870. 


+  67  36*9 
+  41  434 
-35  37*8 

-  6  57-0 
+  59  34a 

-34  353 
+ 18     3*4 

-46  563 

-71  5*3 
-47  39-7 

—  II    67 

-57  5»'8 
-II    08 

-33     a-o 


-30  145 

+  33  1 2-7 
—  18  337 
+  ro  495 

+  38  577 


-17  58-6 


18  40    o 


ao  13  43     —15  11*4 


lUgnitudea. 


4i  9     " 

3i  5i    6 

7  7j  " 

61  7      8 

6  61    71 

61  81  10 

6  7      71 

3  6      8 

6  61     7 

6  9    II 

7  9      8 
5}  8    II 


4l    5 
7     " 


7} 
8 


6  9I  10  II 
3-5  8  81  9 
8  8  8  13 
7l  8  16  9 
61  61  II  10 


77888 


Dittaooe. 


»t 


3« 
10-3 

Tl 
7-3 

17 
5*5 
07 

41 

65 
44 

9*6 

1*4 

5 


3 

05 
30 

9*6 

87 
37 

5*4 

6a 

30 

35 
7-3 

15 


45  5a  "5 

46  60    71 

18  30    35 

14  30      07 

33  ...     8a 


.39  3»o{5.f|;4;5|.} 


3l>  7 
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CHAPTER    III. 


Variable  Stars, — o  Ceti.  — Algol.  —  9  Cephei,  —  fi  Lyra.  —  R  Coronas  BorealU.  — 
17  ArgiU, — Miscellaneous  remarks, — Temporary  Stars, — Notices  of  Stars  which 
have  disappeared. — Proper  motion, — Motion  of  the  System  through  space, — 
Summary  hy  W,  Struve, — Proper  motion  Jirst  suspected  by  ff alley. —  Wright's 
hypothesis  of  a  Central  Sun, — Revived  by  Mddler. — Stars  toAic^  art  probably 
Centres  of  Systems. 

THERE  are  many  stars  which  exhibit  periodical  changes  of 
brilliancy :  these  are  termed  variable  stars.  Upwards  of  a 
hundred  stars  are  now  known  to  belong  to  this  class^  and  many 
more  are  put  down  as  ^  suspected/ 

One  of  the  most  interesting^  as  also  the  first  that  was  recognised^ 
of  these  curious  objects,  is  o  Ceti,  or  Mira  [sc.  stella] .  It  appears 
about  12  times  in  11  years;  remains  at  its  greatest  brightness 
for  about  a  fortnight,  when  it  sometimes  equals  in  brilliancy  a 
star  of  the  2^^  magnitude ;  decreases  during  about  3  months,  till 
it  becomes  totally  invisible;  it  remains  so  for  about  5  months, 
and  then  gradually  recovers  its  briUiancy  during  the  remaining 
3  months  of  its  period.  Its  maximum  brightness  is  not  always 
the  same,  nor  does  it  always  increase  or  diminish  by  the  same 
graduations;  neither  are  the  successive  intervals  of  its  maxima 
equal.  The  mean  period  is  331*  8^,  but  it  would  appear  from 
the  researches  of  Argelander*  that  this  period  is  subject  to  a 
cyclical   variation    embracing   88    such    periods,   which   has   the 

*  Ait.  Nach.,  634. 
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effect  of  gradually  lengthening  and  shortening  alternately  these 
periods  to  the  extent  of  25  days  one  way  and  the  other.  It  is 
not  improbable  too  that  the  irregularities  of  its  maximum  bril- 
liancy are  also  periodical.  On  Oct.  5, 1839  (the  epoch  of  maximum 
for  that  year^  according  to  Argelander)  Mira  was  unusually  bright^ 
excelling  a  Ceti  and  equalling  j9  AurigsB.  On  the  other  hand^ 
according  to  the  testimony  of  Hevelius^  between  Oct.  167a  and 
Dec.  1676  it  did  not  appear  at  all^, 

I  append  a  few  details  connected  with  the  history  of  this 
star: — 

On  Aug.  13^  1596  David  Fabricius  noted  a  star  in  Cetus  to 
be  of  the  3^^  magnitude,  and  that  in  October  of  the  same  year« 
it  disappeared.  7  years  later,  or  in  1603,  Bayer,  the  author  of 
the  stellar  nomenclature  still  in  use,  aflSxed  the  letter  omicran  (o) 
to  a  star  in  Cetus  placed  exactly  where  the  star  of  Fabricius 
had  disappeared.  He  observed  it  to  be  of  the  4^^  magnitude, 
but  not  comparing  with  his  own  the  former  observations  of 
Fabricius  he  failed  to  make  the  discovery  which  was  within 
his  g^rasp. 

In  the  beginning  of  Dec.  1638  Phocylides  Holwarda  of 
Pranecker  saw  this  star  shining  brighter  than  one  of  the  3"* 
magnitude.  In  the  summer  of  the  following  year  he  was  unable 
to  find  any  trace  of  it,  but  on  Oct.  7  he  again  perceived  it ;  and 
to  him  may  be  assigned  the  honour  of  having  first  discovered 
the  existence  of  variable  stars. 

In  1648  Hevelius  commenced  a  careful  series  of  observations, 
which  were  carried  on  till  166 a,  during  which  period  the  certainty 
of  the  discovery  was  placed  beyond  a  doubt,  and  a  first  ap- 
proximation was  made  to  a  knowledge  of  the  attendant  circum- 
stances^. In  the  following  century,  between  the  years  1779  and 
1790,  Sir  W.  Herschel  observed  this  star  with  his  wonted 
diligence,  and  materially  added  to  our  knowledge  of  it «.  In 
more  recent  times  the  name  of  Argelander  may  be  singled  out 
as  specially  associated  with  o  Ceti. 


^  Lalande,  Astronomie.    Art.  794.  ^  Tlutoriola  Mine  Stella.    Fol.  Gedan, 

0  Kepler,  De  SteUh  Novd,  cap.  xxiii.       i66a. 
p.  115.  «  Phil.  Trans.,  vol.  Ixx.  p.  338. 
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Algol,  or  /3  Fersei,  is  a  variable  star  of  short  period,  which 
from  its  position  may  often  be  brought  under  notice.  It  is 
commonly  of  the  a°*  magnitude:  from  that  it  descends  to  the 
4^  magnitude  in  a  period  of  about  3^^,  and  at  this  it  remains 
for  about  ao™.  Another  period  of  3^^  then  brings  the  star  up 
to  the  2^  magnitude,  at  which  it  remains  for  another  period  of 
2^  1 3^*,  when  similar  changes  recur.  Near  the  epoch  of  maximum 
and  minimum  the  variations  of  brilliancy  proceed  slowly,  but  at 
the  intermediate  stages  they  are  much  more  rapid,  and  therefore 
noticeable.  The  exact  period  in  which  all  these  changes  take 
place  is  2^  ao^  48*"  55». 

The  observations  of  Argelander,  Heis,  and  Schmidt  tend  to 
shew  that  the  period  of  Algol  is  less  than  what  it  was  in  former 
years,  but  that  this  diminution  is  not  uniformly  progressive, 
inasmuch  as  an  augmentation  has  now  set  in;  and  it  may  be 
inferred  that  future  and  long-continued  observations  will  result 
in  this  change  of  period  itself  being  found  to  be  periodical. 

The  variability  of  Algol  was  discovered  by  Montanari  in  1669 
and  by  Maraldi  in  1694 :  its  period  was  determined  by  Goodricke 
in  178a,  who  also  may  be  said  to  have  re-discovered  its  varia- 
bUity '. 

b  Cephei  is  another  variable  star  which  derives  additional  interest 
from  the  fact  that  its  positioi^  in  the  heavens  permits  frequent  ob- 
servation of  it  in  these  latitudes.  Its  period  is  5*  8^*  47",  counting 
from  minimum  to  minimum,  and  its  range  from  between  the 
3^^  and  4*^  to  the  5*^  magnitude.  The  interval  between  the 
maximum  and  minimum  is  greater  than  that  between  the  minimum 
and  maximum,  the  former  being  3*  19^,  the  latter  only  i**  14'". 
The  variability  of  this  star  was  discovered  by  Goodricke  in  1784. 

P  Lyrse  is  a  variable  star,  remarkable  as  having  a  doable 
maximum  and  minimum  within  its  simple  period.  Goodricke, 
the  discoverer,  assigned  to  it  a  period  of  about  6|*,  but  the 
more  recent  observations  of  Argelander  shew  that  the  true  period 
is  double  this;  or,  more  exactly,  12^  21^  53™ — ^thus  set  forth': 


f  Tlie   Saxon   farmer  Palitzch,  noted       in  1758,  i»  stated  by  Sir  J.  Herschel  to 
for  his  early  detection  of  Halley's  comet      have  done  the  same  thing. 

t  Argelander,  Ait.  Nach.,  624. 
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Starting  from  a  maximum  when  the  star  is  of  mag.  3*4  it 
reaches  the  first  minimum  of  mag.  4*3;  then  follows  a  second 
maximum^  and  after  that  a  second  minimum^  but  at  this  second 
period  of  least  light  the  star  is  fainter  than  before,  being  only 
equal  to  a  4*5  magnitude.  Argelander  has  further  ascertained 
that^  as  in  the  case  of  o  Ceti,  the  period  of  j3  Lyrae  is  itself 
variable;  that  down  to  the  year  1840  it  was  increasing,  but 
that  then  it  began  to  decrease,  which  state  of  things  still 
continues.  The  annual  amount  of  the  increment  gradually  grew 
less  till  the  stationary  epoch,  whence  we  may  anticipate  by 
analogy  that  now  the  decrement  will  gradually  become  more 
rapid. 

The  variable  star  B  Coronse  Borealis  is  noticeable  from  the  fact 
that  on  some  occasions  the  fluctuations  in  brightness  between  the 
maximum  and  minimum  epochs  are  so  inconsiderable  as  to  be  scarcely 
perceptible,  but  that  after  some  years  of  these  scarcely  sensible 
variations,  the  fluctuations  become  so  considerable  that  at  its 
nunimum  the  star  entirely  disappears.  To  Argelander  also  we 
owe  the  knowledge  of  this  fact.  ITie  period  of  this  star  is  323 
days.  At  its  maximum  its  brilliancy  is  that  of  a  star  of  the  6*'» 
magnitude.     Its  variability  was  discovered  by  Pigott  in  1 795. 

Perhaps  the  most  remarkable  variable  star  with  which  we  are 
acquainted  is  ?;  Argus — an  object  unfortunately  not  visible  in  this 
hemisphere,  at  least  in  our  latitude  of  it.  The  following  historical 
notes,  down  to  1850,  have  been  strung  together  by  Humboldt**: — 

As  early  as  the  year  1677,  Halley,  on  his  return  from  St.  Helena, 
frequently  expressed  a  doubt  respecting  the  constancy  of  the 
brightness  of  the  stars  in  the  constellation  Arg^ ;  he  had  especially 
in  his  mind  those  belonging  to  the  prow  and  the  deck,  the 
magnitudes  of  which  had  been  indicated  by  Ptolemy.  But  the 
uncertainty  of  the  ancient  designations,  the  numerous  variations 
of  the  manuscript  of  the  Almagest^  and  especially  the  difficulty 
of  obtaining  exact  evaluations  of  the  brightness  of  the  stars, 
did  not  permit  him  to  transform  his  suspicions  into  a  certainty. 
In  1677  he  classed  ?;  Arg&s  among  the  stars  of  the  4^**   mag- 

^  Quoted  in  Arago*8  Pop.  Ad.^  vol.  i.  pp.  258,  Eng.  ed. 
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nitude;  in  1751  La  Caille  found  it  to  be  of  the  2°^  magnitude. 
Subsequently  it  resumed  its  original  appearance,  for  Burehell, 
during  his  residence  in  South  Africa  from  1811  to  181 5,  noted 
it  to  be  of  mag.  4.  Prom  iSaiz  to  1826  it  appeared  to  be  of 
mag.  2,  to  Brisbane  in  New  South  Wales,  and  Fallows  at  the 
Cape.  In  1827  Burchell,  then  residing  at  St.  Paul  in  Brazil, 
found  it  to  be  of  mag.  i,  and  almost  as  bright  as  a  Crucis.  A 
year  afterwards  it  had  decreased  to  the  2***  magnitude.  To  this 
class  it  still  belonged  on  Feb.  29,  1828,  when  Burchell  observed  it 
at  Goyaz,  and  it  is  under  this  magnitude  that  Johnson  and 
Taylor  have  entered  it  in  their  catalogues,  1829-1833.  When 
Sir  J.  Herschel  was  at  the  Cape  between  1834  and  1837  he  placed 
it  constantly  between  mags.  2  and  i :  but  on  Dec.  16  in  the  latter 
year,  whilst  scrutinising  the  stars  lying  around  the  great  nebula  in 
Argo,  his  attention  was  attracted  towards  a  strange  phenomenon — 
rj  Argus,  which  he  had  so  frequently  observed  on  former  occasions, 
had  so  rapidly  increased  in  brightness  as  to  equal  a  Centauri, 
surpassing  every  other  star  in  the  heavens  except  Canopus  and 
Sirius.  Its  maximum  brilliancy  occurred  on  or  about  Jan*.  2, 
1838.  Thenceforward  it  began  to  fade  away;  in  April,  however, 
it  was  still  as  bright  as  Aldebaran.  This  diminution  went  on  till 
April  1843  without  the  star  falling  at  any  time  below  the  i"* 
magnitude.  In  April  a  rapid  augmentation  set  in,  and  according 
to  the  observations  of  Mackay  at  Calcutta  and  Maclear  at  the 
Cape,  rj  Argfts  surpassed  Canopus  and  scarcely  fell  short  of  Sirius 
in  brilliancy.  Under  date  of  Feb.  1850  Lieut.  Gilliss,  then  in 
Chili,  reported  17  Argus  to  be  of  a  reddish  yellow  colour,  some- 
what darker  than  that  of  Mars,  and  very  nearly  as  bright  as 
Canopus. 

Some  remarkable  circumstances  connected  with  rj  Argus  and 
the  nebula  surrounding  it  will  more  appropriately  be  adverted 
to  in  the  next  chapter. 

Several  explanations  have  been  offered  to  account  for  the  phe- 
nomenon of  a  variable  star,  but  none  are  satisfactory  on  account 
of  the  irregularities  of  the  periods  offering  a  bar  to  any  hypothesis 
supposing  a  regular  series  of  changes.  Bouilliaud,  in  the  case  of 
o  Ceti,  ascribed  its  variability  to  its  being  a  globe  rotating  on 
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an  axis,  by  which  different  portions  of  the  surfisu^e  differently 
illuminated  were  successively  turned  towards  us  K 

Pigott  suggested  that  an  opaque  body  revolving  round  the 
respective  stars  as  primaries,  whose  light  would  be  cut  off  from 
time  to  time  after  the  manner  of  an  eclipse  of  the  Sun,  would 
afford  an  explanation  K 

Hind  has  called  attention  to  the  fact  that  variable  stars, 
especially  the  smaller  ones,  are  frequently  of  a  ruddy  colour. 
The  same  observer  has  noticed  that  when  at  their  minimum 
they  appear  surrounded  by  a  kind  of  fog.  Arago  remarks  that 
if  this  latter  opinion  should  turn  out  to  be  well  founded  it  might 
put  us  on  a  clue,  none  other  than  that  the  diminution  of  bril- 
liancy is  due  to  the  interference  of  clouds  which  cut  off  a  part 
of  the  stellar  lights 

The  following  are  some  of  the  more  prominent  periodic  stars 
visible  to  the  naked  eye : — 


Name. 

B.  A.  1870. 

DeoL  1870. 

Fttiod. 

Changes  of 
]|i«nitud«. 

/3  Persei       

8  Cephei     

97  Aquilae 

fi  Lyrae        

a  Herculis 

0  Ceti 

V  Hydras 

If  Argfts      

h.     m.      •. 

«     59     43 
33     a4    ai 

19    45    51 

'8    45     17 

'7      8    43 

a     la    47 

13     23     37 

10    40      a 

0         » 
+  40     27-1 

+  57    450 
+  0    404 

+  33     "7 

+  14     3a  a 

-  3    341 

—  aa    36'4 

-59      o» 

d. 

a-86 

5*36 

717 
11*90 

88-5 

33133 

449*5 
46  years 

From     to 
ai        4 
3*7       4-8 
3-6       4*4 
3i        4i 

3*1        39 
a         0 

4        10 
I          4 

Somewhat  similar  in  character  to  what  we  have  just  been 
considering  are  the  temporary  stars — stars  which  suddenly  blaze 
out  in  the  heavens  and  after  a  while  fade  away.  The  first  on 
record  was  observed  by  Hipparchus,  who  flourished  in  the  2°^ 
century  before  the  Christian  Era.  Pliny  informs  us  that  it  was 
the  appearance  of  this  star  which  induced  Hipparchus  to  compile 


*  Ad  A»tronomo8  Monita  Duo.     Paris 
1667. 


k  PhU.  Trant. 

*  Pop,  Aii.,  vol.  i.  p.  a6o,  Eng.  ed. 
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his  catalogae  of  stars^  the  first  ever  executed.  This  statement  was 
by  many  regarded  as  a  fiction^  but  £.  Biot  has  found  that  a  new 
star  in  Scorpio  is  recorded  in  the  Chinese  chronicles  under  the 
date  of  134  B.C.,  so  there  is  no  longer  any  ground  for  rejecting 
Pliny's  statement.  It  may  be  added  that  the  date  commonly 
assigned  to  Hipparchus's  catalogue  is  125  B.C. 

Brilliant  stars  appeared  in  or  near  Cassiopeia  in  the  years  945, 
1264,  and  1572.  The  last  was  a  very  remarkable  one,  and  a 
graphic  account  of  it  is  given  by  Tycho  Brahe",  which  will  be 
found  in  Humboldt's  Cosmos,  The  substance  is  as  follows :  The 
star  lasted  from  November  1572  to  March  1574 — 17  months. 
Brighter  than  Sirius,  it  rivalled  Venus.  Its  colour  was  successively 
white,  yellow,  red,  and  white  again,  and  it  remained  stationary  all 
the  while  in  the  position  it  occupied  when  discovered.  It  has  been 
conjectured,  and  with  great  plausibility,  that  the  above  3  stars  are 
identical,  being  apparitions  of  a  variable  star  of  long  period. 

Temporary  stars  of  considerable  brilliancy  shone  forth  in  1604 
and  1670.  The  former  appeared  in  the  constellation  Ophiuchus, 
and  became  nearly  as  bright  as  Venus ;  it  lasted  about  15  months  \ 
The  latter  appeared  in  Cygnus,  and  attained  the  3*^  magnitude ; 
it  lasted  altogether  2  years,  but  faded  away  and  then  blazed  out 
again  more  than  once  before  its  final  disappearance  ®. 

On  April  28,  1 848,  a  new  star  of  the  5*^  magnitude  was  seen  by 
Hind  in  Ophiuchus  p.  It  rose  to  the  4***  magnitude  a  few  weeks 
later ;  subsequently  its  light  diminished,  and  now  it  is  usually  of 
the  11^  or  12***  magnitude**. 

I  quote  from  Sir  John  Herschel  the  following : — "  It  is  worthy 
of  especial  notice,  that  all  the  stars  of  this  kind  on  record,  of  which 
the  places  are  distinctly  indicated,  have  occurred,  without  exception, 
in  or  close  upon  the  borders  of  the  Milky  Way,  and  that  only 
within  the  following  semi-circle,  the  preceding  having  offered  no 
example  of  the  kind '.'' 

™  ProgymnasmcUa.  i  Arago  and  other  writers   say   that 

"Kepler,    De    Stella    nova    in    pede  this  star  diMppfloroi;  but  Mr.  Hind  has 

Serpentarii.  expressly  stated   this    to    be   incorrect. 

o  Phil.  Trant.,  vol.  v.   p.  2087  et  tey.,  Month.  Not.  R.A.S.,  vol.  xxi.  p.  2  2.     It 

1670  ;  also  vol.  vL  p.  2197  et  aeq.,  1671.  is  now  regularly  included  in  catalogues 

p  Month.  Not.  R.A.  S.,  vol.  viii.    p.  of  variable  stars. 

146.  '  OtUUnet  of  Ait.,  p.  605. 
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Numerous  instances  are  on  record  of  stars  formerly  known  which 
are  now  not  to  be  founds  and  vice  versa  of  new  stars  appearing 
which  were  never  before  noticed.  There  were  4  in  Hercules,  i  in 
Cancer,  i  in  Perseus,  i  in  Pisces,  i  in  Hydra,  i  in  Orion,  and 
2  in  Coma  Berenicis,  which  apparently  have  disappeared.  Several 
stars  in  the  catalogue  of  Ptolemy  do  not  appear  in  that  of  Ulugh- 
Beigh ;  6  of  these  were  near  Piscis  Australis,  and  as  4  were  of  the 
3"^  magnitude,  Baily  concludes  that  they  were  visible  in  Ptolemy's 
time,  but  disappeared  before  the  time  of  Ulugh-Beigh.  Many 
discrepancies  have,  no  doubt,  arisen  from  mistaken  entries,  yet 
there  are  other  instances  in  later  times  which  it  is  quite  out  of  the 
question  so  to  explain.  Thus  55  Herculis,  mag.  5,  was  observed- 
by  Sir  W.  Herschel  in  1781  and  178a,  but  9  years  afterwards 
it  could  not  be  found,  and  has  not  been  seen  since.  In  May  1829 
Sir  J.  Herschel  missed  one  of  De  Zach's  stars  in  Virgo.  Montanari 
remarked,  in  1670,  as  follows: — "There  are  now  wanting  in  the 
heavens  2  stars  of  the  2°*^  magnitude,  in  the  stern  and  yard  of 
the  Ship  Argo.  I  and  others  observed  them  in  the  year  1664, 
upon  the  occasion  of  the  comet  that  appeared  that  year.  When 
they  first  disappeared,  I  know  not;  only  I  am  sure  that  on 
April  10,  1668,  there  was  not  the  least  glimpse  of  them  to  be 
seen  ^" 

There  are  two  assumptions  which  I  cannot  refrain  from  saying 
I  believe  will  eventually  be  established  beyond  a  doubt :  viz. 
(i)  that  all  the  temporary  stars  are  simply  variable  stars,  and 
(2)  that  such  of  the  missing  stars  as  are  not  associated  with 
errors  of  observation  will  also  be  found  to  be  ordinary  atell^ 
versatiles.  Many  years  may  elapse  before  it  becomes  possible 
to  confirm  fully  these  surmises. 

To  the  naked  eye  the  stars  appear  to  preserve  the  same  posi- 
tions relatively  to  one  another  from  year  to  year,  hence  they  have 
been  called  the  fxed  st^rs ;  but,  as  I  have  already  mentioned, 
this  is  not  strictly  true  with  many  stars,  for  delicate  micro- 
metrical  observations  shew  that  they  are  endued  with  a  proper 
motion  of  their  own  through  space.     Inasmuch,  however,  as  in 

•  Sir  W.  Hersohol,  PhU.  Trans.,  vol.  Ixxiii.  p.  250-3.     1783. 
*  PhU.  Trans.,  vol.  vi.  p.  aaoa.    1671. 
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no  case  does  this  proper  motion  exceed  a  few  seconds  per  annum^ 
there  is  no  essential  impropriety  in  retaining  the  designation 
''  fixed  stars/'  or,  as  Sir  John  Herschel  puts  it,  "  Motions  which 
require  whole  centuries  to  accumulate  before  they  produce  changes 
of  arrangement  such  as  the  naked  eye  can  detect,  though  quite 
suflicient  to  destroy  that  idea  of  mathematical  fixity  which  pre- 
cludes speculation,  are  yet  too  trifling,  as  far  as  practical  applica- 
tions go,  to  induce  a  change  of  language,  and  lead  us  to  speak 
of  the  stars  in  common  parlance  as  otherwise  than  fixed.  Small 
as  they  are,  however,  astronomers,  once  assured  of  their  reality, 
have  not  been  wanting  in  attempts  to  explain  and  reduce  them 
to  general  laws.'' 

Amongst  the  stars  whose  proper  motion   is  considerable  may 
be  mentioned — 


// 


2151  Argiis  ..  ..  ..  7*87 

cindi      ..          ..  ..  ..  ..  ..  7*74 

i83o6roombridge  ..  ..  ..  .•  6*97 

61  Cygni            ..  ..  ..  ..  ••  5'ia 

The  first  astronomer  to  whom  the  idea  of  a  proper  motion  of 
the  stars  presented  itself  was  Halley.  Comparing  the  ancient 
places  of  the  3  important  stars  Sirius,  Arcturus,  and  Aldebaran, 
with  his  own  places  determined  in  1717,  and  making  every 
allowance  for  variation  in  the  obliquity  of  the  ecliptic,  he  found 
discordances  in  latitude  amounting  to  37',  42',  and  33'  respectively. 
Thus  was  he  enabled  to  arrive  at  his  surmise  as  to  the  existence  of 
proper  motion:  scientific  proof  had  yet  to  follow.  This  was 
obtained  in  1738  by  James  Cassini,  who  ascertained  that  Arcturus 
had  suffered  a  displacement  of  5'  in  15a  years,  whilst  the  neigh- 
bouring star  17  Bootis  had  not  been  similarly  or  at  all  affected. 
Cassini  further  discovered  the  existence  of  proper  motion  in 
longitude,  and  it  was  remarked  by  Fontenelle  ''There  is  a  star 
in  the  Eagle  (a)  which,  if  all  things  continue  their  present  course, 
will,  after  the  lapse  of  a  g^eat  number  of  ages,  have  to  the  west 
another  star  which  at  present  appears  to  the  east  of  it." 

The  existence  of  stellar  proper  motion  being  beyond  question,  it 
was  a  natural  step  forward  to  seek  to  determine  what  it  involved. 
Sir  W.  Herschel  entered  upon  an  inquiry  in  1783,  and  by  carefully 
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classifying  all  the  proper  motions  then  known  he  was  led  to  infer 
that  the  solar  system  was  moving  towards  a  point  indicated  by 
the  R.  A.  of  17**  8",  decl.  +  2^.  This  point  is  near  the  star 
X  Herculis.  To  review  all  that  has  been  done  in  this  department 
of  physical  astronomy  would  demand  more  space  than  it  would 
be  convenient  for  me  to  give  ° :  suffice  it^  therefore^  to  say  that 
several  recent  calculators^  employing  a  considerable  number  of 
stars^  both  northern  and  southern^  have  one  and  all  confirmed 
not  only  Sir  W.  Herschel's  general  deduction^  but  likewise  his  con- 
clusion as  to  the  precise  pointy  to  within  a  very  few  deg^rees  of  arc ; 
or^  in  the  words  of  W.  Struve  (after  a  careful  examination  of  the 
researches  of  MM.  Argelander,  O.  Struve,  and  C.  A.  F.  Peters)  : 
''  The  motion  of  the  solar  system  in  space  is  directed  to  a  point  in  the 
celestial  sphere  situated  on  the  right  line  which  joins  the  2  stars  of 
the  yrd  magnittide  v  and  fi  Herculis,  at  i  of  the  apparent  distance 
between  these  stars  measured  from  it  Herculis.  The  velocity  of  the 
motion  is  such  that  the  Sun,  with  the  whole  cortege  of  bodies  depend^ 
ing  on  him,  advances  annually  in  the  direction  indicated,  through  a 
space  equal  to  1*623  ^^^^^  ^  ^^  terrestrial  orbit,  [or  148^00,000 
miles]  *." 

As  connected  with  the  matter  which  has  just  been  discussed, 
a  passing  allusion  must  be  made  to  the  Central  Sun  hypothesis, 
first  started  by  Wright  in  1 750,  and  revived  by  Madler  a  few  years 
since.  This  theory  simply  supposes  the  existence  of  some  central 
point  around  which  the  Sun,  with  its  vast  attendant  cortege  of 
planets  and  comets,  revolves  in  the  course  of  millions  of  years. 
Madler  thinks  he  has  sufficient  ground  for  believing  that  this 
point  is  situated  in  or  near  the  Pleiades,  or,  more  exactly,  at  the 
star  Alcyone  {rj  Tauri) .  Grant  very  sensibly  remarks :  "  It  is 
manifest  that  all  such  speculations  are  far  in  advance  of  practical 
astronomy,  and  therefore  they  must  be  regarded  as  premature, 
however  probable  the  supposition  on  which  they  are  based,  or 
however  skilfully  they  may  be  connected  with  the  actual  observa- 
tion of  astronomers  y/'  Vague  ideas  of  the  motion  of  the  solar 
system  around  some  common  centre  are  to  be  found  in  Lucretius : 

"  See  Grant's  Jlist.  Phyi.  AU.,  p.  555  >  Audes  dAjA.  Stell.,  p.  xo8. 

ft  seq.  y  De  Ber.  Nat.^  lib.  i. 
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it  was  thought  that  but  for  such  motion  all  celestial  objects  must 
have  collapsed  and  formed  a  chaos. 

There  are  some  stars  which  seem  to  be  in  a  g^eat  measure 
out  of  the  reach  of  the  attractive  force  of  other  stars,  whence 
Sir  W.  Herschel  was  disposed  to  consider  them  as  probably  centres 
of  extensive  systems  like  our  own.  Among  them,  v^ith  probably 
many  others,  are : — 


Vega  (o  Lyrae). 
Capella  (a  Aurigsd). 
Arcturus  (a  Bootis). 
Sinus  (a  Canb  Majoris). 
Canopus  (a  Argils). 
Markab  (a  Pegad). 


Bellatrix  (7  Ononis). 
Menkab  (a  Ceti). 
Schedir  (a  CassiopeisB). 
Algorab  (8  C!orvi). 
Propus  (i  6«minonim). 


The  twinkling,  or  scintillation',  of  the  stars  is  a  phenomenon 
which  requires  to  be  briefly  noticed.  The  effect  is  too  well  known 
to  need  description,  but  the  cause  is  involved  in  much  obscurity, 
though  referred  by  most  observers  to  the  interference  of  light*. 
Many  ascribe  it  more  immediately  to  the  varying  refrangibility  of 
the  atmosphere,  and  this  latter  theory  has  much  to  recommend  it. 

A  quiescent  condition  of  the  air  is  unfavourable  to  the  develop- 
ment of  twinkling,  and  in  general  the  phenomenon  is  more  marked 
at  the  surface  of  the  Earth  than  at  high  elevations  where  the  air 
is  more  rarefied — both  of  which  facts  point  out  the  atmosphere  as 
an  influential  agent.  Humboldt  mentions  that  in  the  pure  air  of 
Cumana  twinkling  ceased  after  the  stars  attained  an  elevation 
of  15°  above  the  horizon.  According  to  Dufour,  red  stars  twinkle 
less  than  white  ones^.  Liandier,  from  repeated  observation,  says 
that  he  is  convinced  that  twinkling  is  due  to  disturbances  of  the 
atmosphere,  brought  about  by  winds  and  currents  of  air.  The 
greater  the  twinkling,  the  easier  it  is  to  see  faint  stars. 


Scintilla,  a  spark  of  fire.  •  Eng.  Cyel.,  Arts  and  Sciences  Div.,  Art.  Twinkling. 

b  Month,  Not,  R.A.S.,  vol.  iviiL  p.  51. 
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CHAPTER    IV. 


CLUSTERS    AND    NEBULAE. 


Arranged  in  three  dauei. — Five  hinds  of  NthuUe. — The  Pleiada, — The  ffffodet, — 
Mentioned  by  Jfomer. — Praaepe, — Opinion  ofArcUui  and  TheopkrattuM. — Coma 
Berenicie.—Liit  of  Clusten.  ^Annular  Nebula.  —  EUipUe  Nebula,  ^SfAral 
Nebula;. — Planetary  NtbuXte. — Ndtvloae  ttan. — lAit  cf  irregular  Clutten. — 
Notes  to  the  objects  in  the  liet. — The  NubeeuUe  major  and  minor, — LiH  of  NAuUk 
in  Sir  J.  HerscheVs  Catalogue  of  1864.  —  Historical  statement  relating  to  the 
observation  of  N^mlcs  cmd  Clusters, 

IF  we  examine  the  heavens  on  a  clear  evening  when  the 
Moon  is  not  shining,  we  shall  find  here  and  there  groups 
of  stars  which  seem  to  be  compressed  together  in  such  a  manner 
as  to  present  a  hazy  cloud-like  appearance;  these  are  termed 
clusters  and  nebula,  and  are  usually  classed  as  follows : — 

1 .  Irregular  groups,  visible  more  or  less  to  the  naked  eye. 

2.  Clusters  resolvable  into  separate  stars  with  the  aid  of  a 

telescope. 

3.  Nebulae,  for  the  most  part  irresolvable  with  the  telescopes 

which  we  at  present  possess. 

The  objects  forming  the  3*^  class  are  in  their  turn  subdivided 

into — 

i.  Annular  nebulse. 

ii.  Elliptic  nebulse. 

iii.  Spiral  nebulse. 

iv.  Planetary  nebulse. 

V.  Nebulous  stars. 

Of  the  I*"*  class  there  arc  several  examples  to  be  found,  with 


Nakkiveyb  Vibw.     {Miu  Airy.) 


Telkhciipic  View.     iJtaurat ) 


THE   PLEIADES,   IN   TAURITB. 


THE  HYAI>ES,  ITS  TATTBTT8. 


FOaSBFE,  lie  CANCEB. 
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all  of  which  the  reader  is' probably  more  or  less  familiar.  The 
cluster  of  the  Pleiades,  in  Taurus,  is  doubtless  the  best  known  •. 
When  examined  directly  few  persons  can  see  more  than  6  stars, 
but  by  turning  the  eye  sideways,  we  discover  that  there  are  many 
more,  and  between  50  and  60  are  visible  in  a  telescope^.  The 
most  brilliant  star  in  the  group  is  Alcyone,  or  r)  Tauri,  of  the  3^ 
magnitude;  next  in  order  come  Electra  and  Atlas,  of  the  4***; 
Maia  and  Taygeta,  of  the  5***;  Pleione  and  Celeno,  which  are 
between  the  6***  and  7*** ;  Asterope,  between  the  7*^  and  8*^ ;  and 
finally,  a  great  number  of  smaller  stars.  The  Hyades  is  another 
loose  group  in  Taurus,  near  Aldebaran,  and  somewhat  similar  in 
character  to  the  cluster  near  A  Orionis.  Prasepe,  or  the  *'  Bee- 
hive,'' in  Cancer,  is  one  of  the  finest  objects  of  this  kind  for  a 
small  telescope;  it  is  an  aggregation  of  little  stars,  which  has 
long  borne  the  name  of  a  nebula,  its  components  not  being  visible 
to  the  naked  eye;  indeed,  before  the  invention  of  the  telescope, 
it  must  have  been  the  only  recognised  one.  Aratus<^  and  Theo- 
phrastus  ^  tell  us  that  its  becoming  dim  and  ultimately  dis- 
appearing was  regarded  as  an  indication  of  rain.  The  group 
forming  the  constellation  Coma  Berenids  has  fewer  stars,  but 
they  are  of  larger  size  and  more  diffused. 

In  reference  to  globular  clusters  and  the  hypothesis  of  their 
being  formed  of  stars  evenly  distributed  in  space,  Guillemin 
remarks :  "  But  the  increase  of  brightness  from  the  border  to 
the  centre  is  often  more  rapid  than  the  hypothesis  of  an  equal 
distribution  of  the  stars  in  the  interior  will  sanction.  It  has 
been  held  therefore  that  besides  the  apparent  or  purely  optical 
condensation,  there  exists  a  real  condensation,  which  is  produced 
doubtless  by  the  influence  of  the  central  forces,  resulting  from 
the  separate  attractions  of  each  of  the  suns  which  compose  these 
systems®/' 

*  Tb«  Pleiades  and  Hyades  are  among  the   few  stars   mentioned   by   Homer. 
{Odyney^  lib.  v.  ver.  270.) 

*  The  following  are  some  of  the  different  estimations : — 

Kepler  ..32  I  Hooke   ..  ..        7^ 

La  Hire  ..  ..64  |  De  Rheita  118 

'  Diosemna,  ver.    160.      See   Lamb's  *  De  SigniM  Pluviarumt  p.  419.    Hein- 

tranRlation,  p.  70,  where  the  passage  ia       sius^s  ed.     Lug<l.  Batavor. 

very  prettily  rendered  into  English  verse.  •  llie  lieavent,  Eng.  ed.,  p.  377. 
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The  following  objects  will  serve  as  representatives  of  the  2^^ 
class : — 


No. 

Name. 

U.A.  1870 
h.    m.      k. 

Uecl.  1870. 

0       t 

I 

31  ^  VI  Caniopeie  . . 

1    37    i^ 

+  60  354 

a 

33  y  VI  Persei         

a     9   57 

+  56  3a  9 

3 

35  M  Geminorum 

6     0   49 

+  24  207 

4 

3  M  Canum  Venaticonitn   . . 

13   36     8 

+  29     1*8 

5 

5  M  Librae    . . 

IS    ii    67 

+     3  .H'6 

6 

1 3  M  Herculis 

i^   37      3 

+  36  425 

m 
1 

92  M  Herculis 

17    13    15 

+  43  >5'8 

K 

II  M  Antinol 

18   44     9 

-    6  255 

9 

15  M  Pegasi   .. 

"    M    39 

+  II  35« 

10 

2  M  Aquarii 

21    26   43 

—    1   240 

1  now  pass  on  to  another  order  of  stars  which  present  them- 
selves much  less  clearly  to  our  eyes  than  the  brilliant  clusters 
enumerated  above — the  nebula  properly  so  called.  Some  of  them 
are  resolvable  in  large  telescopes,  but  the  great  numberer  defy 
the  utmost  efforts  made  to  separate  them  into  component  stars, 
though  most  probably  all  of  them  are  stellar.  They  are  usually 
faint  misty  objects,  many  of  them  not  unlike  comets  or  specks 
of  luminous  fog.  I  shall  now  proceed  to  consider  briefly  the 
5  classes  into  which  it  has  been  found  convenient  to  subdivide 
them. 

Of  annular  nebulse  the  heavens  afford  only  4  examples.  The 
most  remarkable  one  occurs  in  Lyra,  R.A.  18**  48"  ai%  decl. 
+  32°  51'  (Messier's  57*^).  It  is  situated  about  midway  between 
the  stars  fi  and  y,  and  may  be  seen  with  a  telescope  of  moderat>e 
power '.  Sir  J.  Herschel,  in  his  description  of  it,  says :  "  It  is 
small  and  particularly  well  defined,  so  as  to  have  more  the  ap- 
pearance of  a  flat  oval  solid  ring  than  of  a  nebula.  The  axes 
of  the  ellipse  are  to  each  other  in  the  proportion  of  about  4  to  5, 


'As  the  nebula  appearetl  to  me  on 
Sept.  23,  1864,  in  an  8|-in.  refractor,  the 
difference  between  the  luminosity  of  the 


central  and  the  marginal  portions  of  the 
nebula  was  by  no  means  considerable. 


3  M  CiNUM  VlNATlCOBUa. 

.  1    M  ANTINdi. 

14  M  Ophjuch.. 

.5  M  Pegas,. 

# 

30  M  CiPHICOBNl. 

BE80LTABLE   CLU8TEB8. 

{Draum  bg  Untflh.) 


i.- 


BE80I.TABLE   CLU8TEBS. 

(Draiai  bg  AnytA.) 


BESOLVABLE   CLU8TSB8. 

(/>ratni  6y  Sir  J.  Htndtd.') 


THE  CLUSTER  3  H  AQUAEZI. 


Ii 


h 
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and  the  opening  occupies  aboat  half,  or  rather  more  than  half, 
the  diameter.     The  central  vacuity  ie  not  quite  dark,  hut  is  filled 


{Sir  J.  Etnchd.'i  {BaH  of  Sotte.) 

Taa  ANHDbAB  Nunut  57  M  Ltbx. 

in  with  faint  nehule  like  a  gauze  stretched  over  a  hoop.  The 
powerful  telescopes  of  Lord  Rosee  resolve  this  object  into  ex- 
ccBsively  minute  stars,  and  shew  filaments  of  stars  adhering  to 
its  edges  ■  ". 

Other  annular  nebuln  will  be  found  as  follows  : — 


So. 

Name. 

K.A.  i8;ci. 

Decl.  .8)0. 

3 

4i9oH8cotpii         

11  MIVSoOTpu 

>3¥lVCygm 

h.  m.      •. 

17   ij   as 
17   11    >G 

-  38  10  8 

-  'J  3S-5 
+  30  10  S 

Elliptic  nebuliB  of  various  degrees  of  eccentricity  are  not  un- 
common ;  the  well-known  "  great  nebula  in  Andromeda,"  R.  A. 
o*"  35™  42*1  decl.  +  40°  $$'5'  (Messier's  31"),  is  an  object  of  this 
kind.  Ita  ellipticity  is  considerable ;  it  is  likewise  very  long,  and 
has  a  bright  central  condensation  sufficient  to  make  it  visible 
to  the  naked  eye.  A  drawing  by  G.  P.  Bond  portrays  this 
nebula  under  an  aspect  difTering  much  from  that  wbich  it  is 
commonly  recognised  as  possessing.     This  observer  traced  it  to 


■  (MliHtt  0/ Att.  p-644,' 
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a  lengih  of  4"  and  to  a  breadth  of  2^°,  and  was  the  first  to 
draw  attention  to  the  two  carious  bUck  streaks,  or  kingitadtnal 
TacuitieB,    which    run    nearly   parallel   to  the  major  axis  of  the 


Thi  Ghiat  Nuuu  DC  Amdbomida. 
(0.  P.  Bowi.) 

oval  on  the  south  side.  Telescopes  of  large  size  are  required 
to  shew  theBo  and  other  details  mentioned  by  the  American  ob- 
server in  question ''.  Several  elliptic  nebuls  ore  remarkable  ns 
having  double  stars  at  or  near  each  of  their  foci :  the  nebula 
4395  H  Sagittarii,  situated  in  R.  A.  iS*"  g"  23',  and  deel. 
—  19°  55'2',  is  an  example.  Other  elliptic  nebulie  will  be  found 
as  follows : — 

ii  Man.  Amtr,  Aeail.,  vol.  iii,  p.  So. 


Nebula,  jiSj  H  Cohm  Ebbbkicis 


Nebula,  65  M  Lkohih. 
R.A.  11*  u""  8',   daol.  +  i3"4;'g'. 


Planetary  Nebiila,  97  M  Ubbj:  Majuhis. 


Nebula,  4058  H  Draconis. 
R.  A.  15"  i"  St;  deol.  +  56"  160' 


Plakwauy  Nbbula,  3614  H  Vinr.in 
Nebulous  Star,  r  OmnNLS.  H.A.  13'  31"°  1;  deol. -17°  13' 1'. 


VABIOU8   mKBTJliB. 
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No. 

Name. 

B.A.  1890. 

Decl.  1870. 

I 
a 

3 

1  ¥  VCeti           

3706  H  Centauri 
4419  H  Draconis 

h.  m.      s. 

0    41      8 

13    49    58 
18    25      7 

0       / 

—  26    o*4 

-  39  «o  7 
+  64  54  6 

The  discovery  of  spiral  or  whirljpool  nebulsB  is  due  to  the  Earl 
of  Rosse.  The  best  known  is  in  the  constellation  Canes  Yenatici, 
R.  A.  13^  24"  ao%  decl.  +  47°  51-8'  (Messier's  51"*).  To  Sir 
J.  Herschel  it  presented  the  appearance  of  a  large  and  bright 
globular  cluster^  surrounded  by  a  ring  at  a  considerable  distance 
from  the  globe,  which  varied  very  much  in  brightness  in  its  diflFerent 
parts,  and  through  about  two-fifths  of  its  circumference  was  sub- 
divided as  if  into  2  laminse,  one  of  which  appeared  turned  up  towards 
the  eye  out  of  the  plane  of  the  rest.  Near  it  (at  about  a  radius 
of  the  ring  distant)  is  a  ''  small  bright  round  nebula  *.'*  In 
Lord  Rosse's  telescope  the  aspect  of  this  object  is  entirely 
altered.  The  ring  passes  into  a  distinct  spiral  coil  of  nebulous 
matter,  and  the  outlying  portion  is  seen  to  be  connected  with 
the  main  mass  by  a  curved  band,  the  whole  shewing  indications 
of  resolvability  into  stars.  [See  Plates  XXVII  and  XXVIII.] 
Other  spiral  nebulae  will  be  found  as  follows  : — 


No. 

Name. 

B.A. 1870. 

b.    m.     s. 
I     26    30 

9    H   49 
12    12    12 

22    58    26 

Decl.  1870. 

I 
2 

3 

4 

33  M  Piscium 

57   9  I  Leonifl 

99  M  y irginis 

55   ¥  IPegasi             

0        / 
+  29  593 
+  22    41 

+  15     80 

+  II  375 

Planetary  nebulse  received  their  name  from  Sir  W.  Herschel  on 
account  of  their  resembling  in  form  the  larger  planets  of  our 
system.     They  are  either  circular  or  slightly  elliptical ;    some  have 


'  OutHfifi  of  A$t.^  p.  649. 
\.  1  2 
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well-defined  outlines^  in  others  the  edges  appear  hazy ;  they 
throughout  uniformly  bright,  without  any  traces  of  nuclei.  Ooc 
of  the  most  striking  of  this  class  is  97  M  Ursse  Majoris,  R.A. 
ijh  Pjm  f^%^  (jeel.  4.  55®  43'a',  close  to  /3.  It  was  discovered  by 
M&hain  in  1781,  and  is  described  as  ''a  very  singuUir  object, 
circular  and  uniform,  and  after  a  long  inspection  looks  like  a 
condensed  mass  of  attenuated  light/'  Sir  J.  Herschel  gives  it  a 
diameter  of  2'  40".  The  Earl  of  Bosse  has  detected  perforations 
and  a  spiral  tendency.  Other  planetary  nebulsB  will  be  found  as 
follows : — 


No. 

Name. 

RJL  1870. 

Ded.  1870. 

I 

36  ¥  IVEridani       

b.     m.    s. 

4     8    18 

0        / 
-  13    4*4 

a 

46  M  Argils     .. 

7   35    5a 

-  14  3 1-3 

3 

1843  KArgdB  (Car.) 

9    17   45 

-  57  45« 

4 

a;   ¥  TV  Hydraj        

10    18   31 

-  17  58*8 

5 

3581  H  Centauri 

"    43   53 

-  5^  V3 

6 

4334  HerouliB  .. 

16   39      I 

+  24    1-3 

7 

37   %I  IV  Draconia 

17    58    ao 

+  66  380 

8 

743    y  III  Aquilre 

19    la      7 

+    6  186 

9 

51    ¥  IV8agittarii 

19   36   38 

- 14  »r6 

10 

73   ¥  IVCygni          

19   41    «3 

+  50  11*8 

II 

I    V  IV  Aquarii 

ao   57     5 

-  11  528 

12 

18   V  IV  AndromedsB 

23    19   38 

+  41  49*4 

Two  peculiarities  may  be  mentioned  as  connected  with  planetary 
nebulae ;  three-fourths  of  those  known  are  situated  in  the  southern 
hemisphere,  and  several  are  noticeably  of  a  blue  ting^. 

Nebulous  stars  are  so  called  from  their  being  surrounded  by  a 
faint  nebulosity,  usually  of  a  circular  form,  and  sometimes  several 
minutes  in  diameter.  Hind  remarks  that  the  nebulosity  is,  in 
some  cases,  well  defined,  but  in  other  cases  quite  the  reverse.  He 
also  says  that  'Hhe  stars  thus  attended  have  nothing  in  their 
appearance  to  distinguish  them  from  others  entirely  destitute  of 
such  appendages;  nor  does  the  nebulous  matter  in  which  they 
are  situated  offer  the  slightest  indications  of  resolvability  into  stars 


Figt.  160-1. 

PUat  XXVII. 

(S»ya.) 

H 

{Sir  J.  Hendd.) 

THE  RPIRAI.  SSSBUl^  51  M  CANUH  VXNATICOBUIC. 


PtaltXXVIU. 


THE  BPHLAI.  STEBUIiA  61  H  CANUM  VBNATICORITBL 

{Drawn  hf  tt*  Karl  of  Bnvt.) 


I  SFIRAXi  NBBUIiA.  1861  H  IiBONU. 

R.  A.  g'  n"  48',  deal.  +  m"  3*. 


Tm  Sfthal  NasuL*  99  M  ViBOiiris. 
(Earl  0/  Jiotte.) 


{Sir  J.  BtTKlul.)  [Earl  of  Roue.) 

NiBULA,  4S91  H  Pkoam.    R.A.  It''  tR"  iff,  decl.  +  11*  37-3'. 


8FIRAI.   nSBUIta. 
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with  any  telescopes  hitherto  constructed.^'     The  following  stars  are 
instances  of  this  kind  : — 


No. 

Name. 

R.A.  1890. 

Bed.  1870. 

1 

2 

3 

4 

1  Ononis 

ff  Orionia 

45  ¥  I^  Geminoram.. 

8  Cannm  Venaticorum 

h.    m.     s. 
5    «9     3 

5    29   37 

7    "    30 

"    27    37 

0       / 

-  5  59*8 

—  I  17-2 

+  21   iO'4 
+  4a     4*3 

No.  I  is  a  triple  star,  A  3^,  B  8^,  and  C  11,  dist.  11  "5"  and  49", 
the  whole  involved  in  a  large  nebulosity  3'  in  diameter.  No.  2  is 
a  2^-mag.  star,  "  involved  in  an  immense  nebulous  atmosphere.'' 
No.  3  is  an  8tJ>-mag.  star,  ^^  exactly  in  the  centre  of  a  round 
bright  atmosphere."  No.  4  is  a  4^mag.  star,  "  involved  in  a 
considerable  nebula  3'  in  diameter,  exactly  round."  Nebulous  stars 
can  only  be  usefully  scrutinised  in  large  telescopes. 

Besides  the  clusters  and  nebulas  belonging  to  the  foregoing 
classes,  there  are  others  for  the  most  part  of  irregular  form  and 
large  dimensions,  which  it  is  convenient  to  class  by  themselves. 
Under  this  head  may  be  included  the  following : — 


No. 

Name. 

KA.  1870. 

DecL  1870. 

I 

47  Toucaui 

h.     m.     s. 
0    18    14 

0       / 
-  72  48a 

2 

I  MTauri 

S    a6  40 

+  ^i  55*3 

3 

42  M  OrioniB  .. 

5    28   53 

-  5    ^8-6 

4 

30  DoradiiB 

5   39    36 

—  69    lO'O 

5 

ri  ArgdB            

10   40     0 

-  58  59*9 

6 

K  Crucis 

"   45    57 

-  59  386 

7 

CO  Centauri 

13    18   59 

-  46  380 

8 

41   J^  IVSagitUrii 

17   54   a8 

—  23      2'0 

9 

8  M  Sagittarii 

17    55    54 

-  24   215 

10 

1 7  M  Clypei  Sobieakii 

18    13     8 

-  16    134 

II 

27  M  VulpeculsB 

19   53    55 

+   22    21*9 

12 

4618  HCygni             

20   5«    44 

+  29  43*9 

The  remarks  which  follow  in  inverted  commas  are  nearly  all  1)y 
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Sir  John  Herschel^  though  an  actual  reference  to  that  eflTect  is  not 
in  every  ease  given. 

1.  This  is  described  by  Sir  J.  Herschel  as  ^^a  superb  globular 
duster^  immediately  preceding  the  nubecula  minor;  it  is  very 
visible  to  the  naked  eye^  and  one  of  the  finest  objects  in  the 
heavens.  It  consists  of  a  very  condensed  spherical  mass  of  stars, 
of  a  pale  rose  colour^  concentrically  enclosed  in  a  much  less 
condensed  globe  of  white  ones  15*  or  20'  in  diameter."  In  his 
account  of  this  cluster  Sir  John  remarks  that  he  cannot  remember 
a  single  elliptical  nebula  which  is  resolvable^  all  the  resolvable 
clusters  being  more  or  less  circular  in  their  outlines.  **  Between 
these  2  characters  then  (ellipticity  of  form  and  difficulty  of  reso- 
lution) there  undoubtedly  exists  some  physical  connexion.  .  .  . 
It  deserves  also  to  be  noticed  that  in  very  elliptic  nebuke  which 
have  a  spherical  centre  (as  in  M  65)^  a  resolvable  or  mottled 
character  often  distinguishes  the  central  portion^  while  the  branches 
exhibit  nothing  of  the  kind  ^.^     [Pig.  143,  Plate  XXIV.] 

2.  Frequently  called  the  ^'Crab  nebula  in  Taurus.''  It  has  an 
elliptic  outline  in  most  instruments^  but  in  Lord  Rosse's  reflector 
'^  it  is  transformed  into  a  closely-crowded  cluster,  with  branches^ 
streaming  off  from  the  oval  boundary,  like  claws,  so  as  to  give 
it  an  appearance  that  in  a  measure  justifies  the  name  by  which 
it  is  distinguished.'' 

3  is  the  "great  nebula  in  the  sword-handle  of  Orion,"  sur- 
rounding the  multiple  star  0  in  that  constellation.  It  was  dis- 
covered by  Huyghens  about  the  year  1656.  '^  In  its  more 
prominent  details  may  be  traced  some  slight  resemblance  to  the 
wing  of  a  bird.  In  the  brightest  portion  are  4  conspicuous  stars 
forming  a  trapezium.  The  nebulosity  in  the  immediate  vicinity 
of  these  stars  is  flocculent,  and  of  a  greenish  white  tinge;  about 
half  a  degree  northward  of  the  trapezium  ai*e  2  stars  involved  in 
a  bright  branching  nebula  of  singular  form,  and  southward  is  the 
star  I  Orionis,  also  situated  in  a  nebula.  Careful  examination  with 
powerful  telescopes  has  traced  out  a  continuity  of  nebulous  light 
between   the   great   nebula  and   both    these    objects,   and    there 

•'  Re».  of  AH.  Oh$.,  p.  19.   An  exception  to  this  rule  is  i  M  Tnuri. 


I 

{Sir  J.  Henckd.) 
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can  be  but  little  doubt  that  the  nebulous  region  ext«nds  north- 
wards as  far  as  e  in  the  belt  of  Orion,  which  ia  involved  in  a 


ThI  UhEAT  KlISULA   IH  Orioh.      (Ttmpd.) 

strong  nebulosity,  as  well  as  several  Bmaller  stars  in  the  imme- 
diate neighbourhood."  Secchi,  in  fact,  says  tiat  the  nebulous 
mass  in  Orion  has,  speaking  roughly,  a  triangular  outline  with  a 
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baae  of  about  4°,  and  a  height  of  about  5^°,  reaching  downwards 
from  C,  the  apei  (with  a  break,  however,  at  a),  almost  as  far 
as  u". 

4  is  a  eiiigular  nebula,  faintly  visible  to  the  naked  eye,  situated 
within  the  limits  of  the  nubecula  major;   it  was  noticed  by  La 


Thz  Nebula  30  DoradCb.    (Sir  /.  Hcnchrl.) 

Caille  as  reEembling  the  nucleus  of  a  comet,  and  is  one  of  the 
most  singular  and  extraordinary  objects  in  the  heavens. 

5  is  a  very  large  nebula  surrounding  the  star  17  Argila,  and 
occupying  a  space  equal  to  about  5  times  the  area  of  the  Moon. 
Sir  J,  Herschel,  who  carefully  examined  this  object  when  at  the 
Cape  of  Good  Hope  in  1833  and  following  years,  says  that 
"viewed  with  an  18-inch  reflector  no  part  of  this  strange  object 
shews  any  sign  of  resolution  into  stars,  nor  in  the  brightest  and 

■  SeoStruve.JfimiA.  JVo(.  R.A.S.,  vol,  R.A,S.,  vol.  ivjii.p.  8:  G.  P.  Bond.ittU. 

xvii.  pp.  115-30:  \V.   C.   Bond,  Mem.  vol.  xxi.  p.   103  :  Linpounov,  ibitt.,  vol, 

Amtr.  Acad.,  vol,  iii.  N.S.,  p.Sj  :  Sir  J,  xiiii.  p.  iiS  —  for  vuioiu  remvkB  oa 

Herachel,  Ra.  Afl.  Obi.,  pp.  ij-j) ;  OiK-  this  nebula. 
Una  of  A>l.,  p.  650 :  Secohi,  Month.  Not. 
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most  condensed  portion,  adjacent  to  the  singular  oval  vacancy  in 
the  middle  of  the  figure,  is  there  any  of  that  curdled  appearance 
or  that  tendency  to  break  up  into  bright  knots  with  intervening 
darker  portions,  which  characterise  the  nebula  of  Orion,  and 
indicate  its  resolvability.     .     .     It  is  not  easy  for  Uitguage  to 

Fig.  i7». 


Thi  Nudla  sdrrodndini;  <t  AsoOa. 
(Dram  bs  Sir  J.  UtrtA^l.) 

convey  a  full  impression  of  the  beauty  and  sublimity  of  the 
spectacle  which  this  nebula  oBers,  as  it  enters  the  field  of  the 
telescope  (fixed  in  R.  A.)  by  the  diurnal  motion,  ushered  in  as  it 
is  by  so  glorious  and  innumerable  a  procession  of  stars,  to  which 
it  forms  a  sort  of  climax  °."  Some  recent  observations  on  a  point 
of  great  importance  concerning  this  nebula  will  be  alluded  to 
hereafter. 

6.  The  nebula  surrounding  k  Crucis  is  described  by  Sir  J. 
Herschel  as  one  of  the  most  beautiful  objects  of  its  class ;  it 
consists  of  about  iio  stars  from  the  7"*  magnitude  downwards, 

"  See  Ra.  AA.  Oh*.,  pp.  31-47. 
H  m  2 
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8  of  the  more  conspicuous  of  them  being  coloured  varioas  ehades 
of  reel,  green,  and  blue,  so  as  to  give  the  whole  the  appearance 
of  a  rich  piece  of  jewellery. 

7  is  visible  to  the  naked  eye,  and  resembles  a  tail-less  eomet: 
its  brilliancy  is  about  equal  to  that  of  a  4^-niagnitude  star,  but, 
"  viewed  in  a  telescope,  it  appears  as  a  globe  fully  20'  in  diameter, 
very  gradually  increasing  in  brightness  to  the  centre^  and  com- 
posed of  innumerable  stars  of  the  13"'  and  15"'  magnitudes**." 

8  is  the  chief  meml^er  of  an  important  group  of  nebuln.  "  One 
of  them  (H  1991)  is  singiilarly  triOd,  consisting  of  3  bright 
and  irregularly  formed  nebulous  masses,  graduating  away  in- 
sensibly esteroally  but  coming  up  to  a  great  intensity  of  light 
at  their  interior  edges,  where  they  enclose  or  surround  a  sort  of 
three-forked  rift  or  vacant  area,  abruptly  and  uncouthly  crooked 
and  quite  void  of  nebulous  light.  A  beautiful  triple  star  is 
situated  precisely  on  'the  edge  of  one  of  these  nebnlous  masses, 
just  where  the  interior  vacancy  forks  out  into  two  channels''." 

9.  "  A   collection  of  nebulous   folds  and   masses,  surrounding 

and  including  a  number  of  oval  dark  vacancies,  and  in  one  place 

coming  up  to  so  great    a    dcgi-ee  of  brightness  as  to    offer   the 

appearance  of  an  elongated  nucleus.     Superposed  upon  this  nebula 

and   extending   in    one   direction 
Fig,  173.  "  , 

beyond  its  area  is  a  fine  and  rich 

cluster   of  scattered   stars,   which 

seem  to  have  no  connexion  with 

it,  as  the  nebula  does  not,  as  in 

the    region    of   Orion,    shew    any 

tendency  to  congregate  about  the 

stars." 

10     is    usually     termed     the 

"  Horse-shoe    nebula  "    from    the 

peculiarity    of    its    shape  :    this, 

however,    merely   applies    to   the 

Tfli  NsBui,A  17MCLTPR1  SoBiMKu.    j„„st  prominent  portion,  for  there 
""'  "'  is  an  important  outlier ;  and  when 

this   is   seen,  and  also   the   bright  lens-like   band   which   unites 

-  fiee  Ba.A-l.  Oi..,  p.  il.  r  Sir  J,  Herachol,  Outliarsu/ At.,  p.  6[;J. 
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it  with  the  principal  mass^  the  whole  object  resembles  a  pair  of 
capital  Greek  omegas  connected  at  their  bases.  In  ordinary 
telescopes  the  outline  resembles  that  of  a  swan  minus  its  legs  ! 

II  is  a  curious  object  near  the  51**- magnitude  star  14  Vulpeculse; 
it  is  shaped  like  a  double-headed  shot,  or  dumb-bell,  and  is  usually 
known  as  the  '^  Dumb-bell ''  nebula.  In  a  small  telescope  it  appears 
like  two  roundish  nebulosities,  in  contact  the  one  with  the  other, 
or  nearly  so.  Sir  J.  Herschel  saw  it  with  "  an  elliptical  outline 
of  faint  light  enclosing  the  two  chief  masses,'^  but  Lord  Rosse's 
reflectors  materially  change  the  appearance  of  the  object :  his 
3  ft.  reflector  destroys  the  regular  elliptic  outline  seen  by  Sir 
J.  Herschel,  and  his  6  ft.  instrument  resolves  it  into  stars,  making 
the  general  outline  to  resemble  that  of  a  chemical  retort.  The 
history  of  the  observation  of  this  nebula  affords  a  striking  illus- 
tration of  the  fallacy  associated  with  the  happily  now  exploded 
Nebular  hypothesis. 

12.  ^'A  most  wonderful  phenomenon.  A  very  large  space, 
20'  or  30'  broad  in  P.  D.  and  1™  or  2™  in  R.  A.,  full  of  nebula  and 
stars  mixed.  The  nebula  is  decidedly  attached  to  the  stars,  and 
is  as  decidedly  not  stellar.  It  forms  irregular  lacework  marked 
^  out  by  stars,  but  some  parts  are  decidedly  nebulous,  wherein  no 
stars  can  be  seen.''  Little  credit  must  be  attached  to  the  italicised 
clause  in  this  quotation. 

In  the  southern  hemisphere,  and  not  far  from  the  Pole,  ai-e 
the  Magellanic  clouds,  or  nubecula  major  and  minor ^  so  called  from 
their  cloud-like  appearance.  The  former  is  situated  in  the  con- 
stellation Dorado,  and  the  latter  in  Toucan.  They  are  of  a  some- 
what oval  shape,  and  are  both  visible  to  the  naked  eye  when  the 
Moon  is  not  shining ;  iut  the  smaller  disappears  in  strong  moon- 
light. Sir  J.  Herschel,  when  at  the  Cape,  examined  these  re- 
markable objects  with  his  large  telescope,  and  describes  them  as 
consisting  of  swarms  of  stars,  clusters,  and  uebulsB  of  every  de- 
scription. The  larger  one  covers  an  area  of  about  42  square 
degrees,  and  the  smaller  of  10  square  degrees. 

The  nebulae  are  very  far  from  being  uniformly  distributed  in 
the  heavens,  but  congregate  especially  in  a  zone  crossing  at 
right  angles  the  Milky  Way.     They  are  exceedingly  abundant  in 
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the  constellation  Virgo.  Sir  J.  Herschers  Catalogue  of  1864 
contains  5079  of  these  objects,  which  are  thus  distributed  through 
the  different  hours  of  R.  A. : — 
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On  the  distribution  of  the  nebulae^  Guillemin  remarks  as  fbl-- 
lows : — 

"  This  is  very  unequal  in  the  northern  hemisphere^  and  in 
those  pai-ts  of  the  southern  one  visible  in  the  northern  temperate. 
zone.  The  greatest  number  is  found  in  a  zone  which  scarcely 
embraces  the  eighth  part  of  the  heavens.  The  constellations  Leo^ 
Ursa  Major^  Camelopardus^  Draco^  Bootes^  Coma  Berenicis^  and 
Canes  Venatici,  but  principally  Virgo,  form  this  zone^  which  ex- 
tends as  far  as  the  middle  of  Centaurus :  it  is  known  under  the 
name  of  the  nebulous  region  of  Virgo.  Nearly  at  the  opposite 
pole  of  tlie  sky,  another  agglomeration  of  nebulse  embraces  An- 
dromeda, Pegasus,  and  Pisces,  and  extends  lower  than  the  first- 
named  constellation  into  the  southern  heavens. 

*^  It  is  noteworthy  that  the  regions  nearest  the  Milky  Way  are 
the  poorest  in  nebulse,  whilst  the  two  richest  regions  lie  at  the 
two  poles  of  that  great  belt  in  which  the  stars  are  so  numerous 
and  condensed.  The  nebulae  are  more  uniformly  spread  over  the 
zone  which  surrounds  the  South  Pole ;  they  are  at  the  same  time 
much  less  numerous.  On  the  other  hand,  there  are  two  mag- 
nificent regions  there,  which  alone  contain  nearly  4CX)  nebulae  and 
star-clusters  'i." 


*»  The  HeavfM,  Eng.  ed.,  p.  395. 
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The  first  who  paid  much  attention  to  clusters  and  nebulae  was 
the  French  astronomer  Messier^  who  formed  the  well-known  and 
important  though  small  Catalogue^  the  constituents  of  which  are 
still  distinguished  by  his  initial — M.  After  him  came  Sir  W. 
Herschel,  who  classified  the  nebulae  observed  by  him  in  the  follow- 
ing way ; — 

I.  "  Bright  nebuliB." 
II.  "Faint  nebula." 

III.  "Very  faint  nebalae." 

IV.  "  Planetary  nebule,  stars  with  'hars,  milky  chevelures,  short  rays, 

remarkable  shapes,  &c.** 
V.  "Very  large  nebuUe." 
VI.  "Very  compressed  rich  dusters.'* 
VII.  "  Pretty  much  compressed  clusters." 
VIII.  "Coarsely  scattered  dusters." 

Objects  catalogued  by  this  observer  are  usually  indicated  by  the 
symbol  1^,  with  the  number  of  the  class  in  Roman  capitals; 
thus — 33  y  VI  Persei.  References  to  Sir  John  Herschel's 
Catalogue  of  1833^  and  his  Cape  extension  of  it^  are  indicated  by 
the  letter  h  with  the  number  prefixed.  For  the  great  Catalogue 
of  1 864  (the  publication  of  which  marks  an  era  in  this  branch  of 
the  science)  no  designating  letter  has  yet  been  agreed  upon,  but 
perhaps  the  capital  H  would  be  as  convenient  a  one  as  could 
be  chosen. 

The  other  observers  who  must  be  cited  as  having'  devoted  much 
attention  to  nebulae  and  clusters  are  the  Earl  of  Rosse  in  England, 
and  MM.  D' Arrest  and  Schonfeld  on  the  Continent.  Lord  Rosse 
laid  before  the  Royal  Society,  in  1861,  a  large  and  valuable 
Catalogue  of  989  nebulse  observed  by  himself  at  Parsonstown, 
which  appeared  in  vol.  cli.  of  the  Philosophical  Transactions, 
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CHAPTER  V. 

VARIABLE     NEBULiE. 

Variable  Nebula  in  Taurus. — Olfervationu  hjf  JJiud. —  Variable  S^ula  in  Scorpio, — 
OOiterraiions  by  Pogtutn  and  others. — X<4es  of  ottserrativns  cm*  tJke  other  NebtUee 
suspected  to  be  variable. 

CURIOUS  and  iDteresting  as  are  those  stars  which  undergo 
{periodical  changes  of  brilliancy^  it  seems  probable  that  we 
shall  have  heuc^eforth  to  consider  it  certain  that  there  are  variations 
in  the  light  of  nebula;  more  or  less  analogous  in  character  to  those 
already  recognised  in  the  case  of  numerous  single  stars. 

The  following  is  a  summary  of  a  communication  by  Mr.  Hind. 
On  Oct.  II,  1852,  that  astronomer  discovered,  at  the  Regent's 
Park  Observatory,  a  small  nebula  about  i'  in  diameter,  with  a 
central  condensation  of  light.  Its  position  (reduced  to  i860)  was 
R.  A  4**  13"*  47%  and  decl.  -f  19**  112',  and  therefore  it  was  in 
the  constellation  Taurus,  about  i^''  distant  from  €. 

From  1852  to  1856  a  star  of  the  10^  magnitude  almost  touched 
the  north-following  edge  of  the  nebula ;  this  star  was  first  noticed 
on  the  night  of  the  discovery  of  the  nebula,  and  from  the  fact  of 
its  having  escaped  observation  on  many  previous  occasions  when 
the  same  locality  had  been  under  examination,  Mr.  Hind  was 
induced  to  suspect  its  variability — a  suspicion  which  eventually 
was  shewn  to  be  well-founded,  as  the  star  has  now  dwindled  down 
to  the  12^**  mag.  But  the  most  singular  thing  remains  to  be 
told:  namely,  that  on  Oct.  3,  1861,  M.  D' Arrest,  of  Copenhagen, 
found  that  the  nebula  had  Mally  nanUheiL     This  statement  was 
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not  credited  at  the  time  on  account  of  its  apparent  improbability, 
notwithstanding  the  known  reputation  of  the  observer  who  made 
it;  and  it  was  assumed^  too  hastily,  that  some  error  of  observa- 
tion had  crept  in,  though  D' Arrest's  good  faith  was  not  at  all 
questioned. 

On  Jan.  26,  1862,  M.  Le  Verrier  turned  the  large  equatorial  of 
the  Paris  Observatory  (of  12*4  inches  aperture)  on  the  place  of  the 
nebula ;  not  a  single  trace,  however,  could  be  obtained  of  it  either 
by  Le  Verrier  or  by  his  assistant,  Chacornac,  and  on  the  following 
night  Secchi,  at  Rome,  was  similarly  unsuccessful ;  thus  was 
confirmed  beyond  a  doubt  the  statement  of  D' Arrest.  Chacornac, 
whilst  engaged  in  1854  in  forming  a  chart  of  the  stars  in  the 
neighbourhood  of  the  nebula,  saw  it,  but  in  going  over  the  locality 
again  in  1858,  with  a  much  more  powerful  instrument,  he  did  not 
see  it,  though  why  he  did  not  announce  the  disappearance  is 
not  stated. 

Mr.  Hind  thence  infers  that  the  disappearance  of  the  nebula 
took  place  either  during  1856  or  some  time  in  the  course  of 
the  following  year.  He  further  remarks :  "  How  the  variability 
of  a  nebula  and  a  star  closely  adjacent  is  to  be  explained, 
it  is  not  easy  to  say  in  the  actual  state  of  our  knowledge  of  the 
constitution  of  the  sidereal  universe.  A  dense  but  invisible  body 
of  immense  extent  interposing  between  the  Earth  and  them  might 
produce  effects  which  would  accord  with  those  observed;  yet  it 
appears  more  natural  to  conclude  that  there  is  some  intimate 
connexion  between  the  star  and  the  nebula  upon  which  alternations 
of  visibility  and  invisibility  of  the  latter  may  depend.  If  it  be 
allowable  to  suppose  that  a  nebula  can  shine  by  light  reflected 
from  a  star,  then  the  waning  of  the  latter  might  account  for 
the  apparent  extinction  of  the  former;  but  in  this  case  it  is 
hardly  possible  to  conceive  that  the  nebula  can  have  a  stellar 
constitution*.^^ 

On  Dec.  29,  1861,  the  nebula  was  again  seen  in  the  15-inch 
refractor  at  Pulkova,  and  by  March  22,  1862,  it  had  so  far  in- 
creased  in   brightness  as  to  bear  a.  faint  illumination.      But  on 

*  Letter  in  the  TimeM,  Feb.  4,  1862.     See  a  further  communication  in  Month.  Not. 
R.  A.8.,  vol.  xxiv.  p.  65,  ami  D'Arrest's  paper  in  AU.  Nach.  1366,  June  a6, 1862. 
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Dec.  I2>  1863,  Hind  and  Talmage  carefully  looked  for  it  with  the 
telescope  with  which  it  was  originally  observed^  and  failed  to 
establish  any  trace  of  its  visibility.  The  telescope  in  question 
(Mr.  Bishop^s)  is  only  half  the  aperture  of  the  one  at  Pulkova. 

It  is  satisfactory  to  know  that  the  preceding  instance  does  not 
altogether  stand  alone^  but  that  something  at  least  analogous  is 
on  record.  In  the  autumn  of  i860  Mr.  N.  Pogson^  then  director 
of  the  Hartwell  Observatory^  and  now  occupying  the  same  position 
at  Madras,  communicated  to  the  Royal  Astronomical  Society  a 
paper,  of  which  the  following  is  the  substance. 

The  80***  object  in  Messier's  Catalogue  of  Nebulae,  although 
described  as  a  compressed  cluster^  had  always  presented  to  Mr. 
Pogson  the  appearance  of  a  well-defined  nebula,  and  as  it  was  in 
the  same  field  of  view  with  R  and  S  Scorpii,  had  frequently  come 
under  his  notice.  On  May  28,  i860,  when  seeking  for  these  two 
variables,  neither  of  which  were  then  visible,  his  attention  was 
arrested  by  the  startling  factj  that  a  star  of  about  the  7^  mag.  was 
in  the  place  previously  occupied  by  the  nebida.  The  power  used  was 
118  on  the  Hartwell  equatorial ;  and  so  recently  as  May  9  (the  last 
night  on  which  R  Scorpii  was  visible)  Mr.  Pogson  saw  the  nebula, 
and  is  positive  that  it  appeared  exactly  the  same  as  usual,  without 
anything  stellar  about  it,  the  self-same  instrument  and  power 
being  employed.  On  June  10,  with  a  power  of  66,  the  stellar 
appearance  had  nearly  vanished,  but  the  cluster  still  shone  with 
unusual  brilliancv,  and  with  a  marked  central  condensation.  Some 
weeks  subsequently  Mr.  Pogson's  remarkable  observations  were 
fully  confirmed  by  the  independent  testimony  of  MM.  E.  Luther 
and  Auwers  **. 

Mr.  Pogson  concludes  with  the  following  remarks :  "  It  is 
therefore  incontestably  proved,  upon  the  evidence  of  3  witnesses, 
that  between  May  9  and  June  10  [of  i860]  the  duster  known  as 
80  Messier  changed  apparently  from  a  pale  cometary-looking  object 
to  a  well-defined  star,  fully  of  the  7^  magnitude,  and  then  returned 
to  its  usual  and  original  appearance.  It  seems  to  me  absurd  to 
attribute  this  phenomenon  to  actual  change  in  the  cluster  itself, 
but  it  is  very  strange  if  a  new  variable  star,  the  third  in  the  same 

»»  AMt.  NacK 
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field  of  view^  should  be  situated  between  us  and  the  centre  of  the 
cluster.  Should  such  be  the  true  explanation^  the  midway  variable 
star  must  be  similar  in  nature,  but  of  greater  range^  than  Mr. 
Hind's  wonderful  U  Geminorum»  The  cluster  should  be  closely 
watched  ^/^ 

On  Sept.  I,  1859,  Mr.  H.  P.  Tuttle  discovered  a  nebula  in 
Draco  (H  4415,  R.  A.  18^  23""  i8%  decl.  +  74"*  30-5'),  which  D' Arrest 
and  others  stated  to  be  so  bright  as  to  make  it  inexplicable  how  it 
should  have  escaped  the  notice  of  Sir  W.  and  Sir  J.  Herschel,  if  it 
had  always  been  of  uniform  brilliancy. 

On  Oct.  19,  1859,  Tempel  observed  in  Taurus  an  object  which 
he  took  to  be  a  new  telescopic  comet.  The  next  evening,  however, 
finding  it  still  in  the  same  position,  he  was  able  to  determine  that 
it  was  not  a  comet,  but  a  nebula.  On  Dec.  31,  i860,  it  was  seen 
again  by  Tempel  and  Pape,  though  with  some  difficulty.  Auwers, 
who  has  also  seen  it,  describes  it  as  triangular  in  form,  and  15'  in 
extent,  but  he  thinks  that  it  might  have  escaped  notice  owing  to  its 
proximity  to  a  bright  star — Merope,  one  of  the  Pleiades.  It  may 
be  added  that  Hind  states  that  he  has  oflen  suspected  nebulosity 
about  some  of  the  smaller  outlying  stars  of  the  Pleiades.  The 
position  of  this  nebula,  which  is  768  H,  is  R.  A.  3^  28™  a8%  and 
decl. -1-23*'  21*7'. 

On  Oct.  19,  1855,  Chacornac  discovered  a  nebula  also  in  Taurus, 
which  had  not  been  previously  observed.  This  object,  which  is 
1 191  H,  R.A.  5*»  29™  40%  decl.  4-  21**  8-i',  was  so  conspicuous  that 
he  felt  a  difficulty  in  understanding  how  it  could  have  escaped 
notice  before  if  it  had  always  been  of  the  same  brilliancy  ^. 

The  foregoing  observations  may  be  said  to  have  relation 
to  objects  of  a  minor  character,  but  we  are  not  without  at 
least  one  example  of  an  important  nebula  undergoing  peculiar 
changes.  The  great  nebula  in  Argo,  when  observed  by 
Sir  J.  Herschel  in  1838,  contained  within  its  area  a  vacuity 
of  considerable  size.  The  star  77,  then  of  the  i**  magnitude, 
was  situated  in  the  most  dense  part  of  the  nebula,  and 
was   completely   encompassed    by  nebulous    matter.      In    1863, 

«  Month.  Not,  R.AA,  vol.  xxi.  p.  32. 
<*  Bulletin  Mitwrologique,  Apr.  28,  1863. 
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according  to  AblK)tt  of  Hobart-town^  the  star  was  enlirefy  free 
from  nebnlosify,  and  only  of  the  6^  magnitude.  This  o1>8crver  also 
states  that  the  outline  of  the  vacuity  is  materially  different  from 
the  representation  given  by  Herschel*.  Mr.  E.  B.  Powell,  of 
Madras,  not  only  eonfinns  these  remarks  generally,  but  also  says 
distinctly  that  the  nebula  as  a  whole  has  varied  much  in  brilliancy 
during  the  time  it  has  been  under  his  notice  ^ 

We  may  evidently  expect  at  some  future  time  to  hear  of  still 
more  interesting  discoveries  in  this  department  of  sidereal  as- 
tronomy. 

•  Month.  Not.  R.A.S.,  vol.  xxiv.  p.  5.  '  //*Kf.,  p.  171. 
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CHAPTER  VI. 

THE    MILKY    WAY. 

Its  COUTH  amongtt  the  ttan  daeribed  hy  Sir  J.  fferschel. — The  "  Coal  Sack**  in  the 
Southern  Hemisphere. — Remarks  hy  Sir  W.  Herschel  <u  to  the  prodigious  number 
of  stars  in  the  Milky  Way. — Computati<m  hy  Sir  J.  Herschel  of  the  total  number 
of  stars  visible  in  an  iS-inch  reflector. — Terms  applied  to  the  Milky  Way  hy  the 
Greeks. — By  the  Romans. — By  our  early  ancestors. 

inOREMOST  amongst  the  great  clusters  with  which  we  are 
-*-  acquainted  stands  the  Milky  Way,  which  has  pre-eminently 
occupied  the  attention  of  philosophers  from  the  earliest  ages  of 
antiquity. 

The  course  of  the  Milky  Way  amongst  the  constellations  is  thus 
sketched  by  Sir  J.  Herschel,  whose  description  I  shall  quote,  with 
a  few  verbal  alterations  •. 

Neglecting  occasional  deviations,  and  following  the  line  of  its 
greatest  brightness,  as  well  as  its  varying  breadth  and  intensity 
will  permit,  its  course  conforms  nearly  to  that  of  a  great  circle 
inclined  at  an  angle  of  about  63''  to  the  equinoctial,  and  cutting 
that  circle  in  R.A.  o^  47™,  and  la**  47°*;  so  that  its  northern  and 
southern  poles  respectively  are  situated  in  R.A.  12^*47™,  decl. 
N.  27°  and  R.A.  o**  47™,  decl.  S.27''.  Throughout  the  region  where 
it  is  so  remarkably  subdivided  this  great  circle  holds  an  inter- 
mediate situation  between  the  2  great  streams;  with  a  nearer 
approximation,  however,  to  the  brighter  and  continuous  stream 
than  to  the  fainter  and  interrupted  one.  If  we  trace  its  course 
in  order  of  right  ascension,  we  find  it  traversing  the  constellation 
Cassiopeia,  its  brighter  part  passing  about  2*"  north  of  the  star 
b  of  that  constellation,  i.e.  in   about  62^  of  north  declination. 

*  Outlines  of  Ast.,  p.  569. 
Nn 
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Passing  thence  between  y  and  c  Cassiopeise^  it  sends  off  a  branch 
to   the  south-preceding  side,  towards  a  Persei,  veiy  conspicooiui 
as  far  as  that  star,  prolonged  faintly  towards  c  of  the  same  con- 
stellation, and  possibly  traceable  towards  the  Hyades  and  Pleiades 
as  remote  outliers.     The  main  stream,  however  (which  is  here  very 
faint),  passes  on  through  Auriga,  over  the  3  remarkable    stars 
^i  C>  V  ^^  ^^^^  constellation  preceding  Capella   (a  Aurigse),  called 
the  Hasdi,  preceding  Capella,  between  the  feet  of  Gemini  and  the 
horns  of  the  Bull  (where  it  intersects  the  ecliptic,  nearly  in  the 
solstitial  colure),  and  thence  over  the  club  of  Orion  to  the  neck  of 
Monoceros,  intersecting  the  equinoctial  in  R.A.  6^  54".     Up  to 
this  point,  from  the  offset  in  Perseus,  its  light  is  feeble  and  in- 
definite,  but  thenceforward   it   receives  a    gradual   accession   of 
brightness,  and  when  it  passes  through  the  shoulder  of  Monoceroe^ 
and  over  the  head  of  Canis  Major,  it  presents  a  broad,  moderately 
bright,  very  uniform,  and,  to  the  naked  eye,  slender  stream  np 
to  the  point  where  it  enters  the  prow  of  the  ship  Argo,  nearly 
in  the  southern  Tropic.     Here  it  again  subdivides  (about  the  star 
m  Puppis),   sending   off  a   narrow   and   winding  branch  on   the 
preceding  side  as  far  as   y  Argils,  where  it  terminates  abruptly. 
The  main  stream  pursues  its  southward  course  to  the  33'*  parallel 
of  south  declination,  where  it  diffuses  itself  broadly  and  again 
subdivides,  opening  out  into  a  wide  fan-like  expanse,  nearly  ao** 
in  breadth,  formed  of  interlacing  branches,  all  of  which  terminate 
abruptly,  in  a  line  drawn  nearly  through  \  and  y  Argils. 

At  this  place  the  continuity  of  the  Milky  Way  is  interrupted 
by  a  wide  gap,  and  when  it  recommences  on  the  opposite  side 
it  is  by  a  somewhat  similar  fan-shaped  assemblage  of  branches 
which  converge  upon  the  bright  star  1;  Argus.  Thence  it  crosses 
the  hind  feet  of  the  Centaur,  forming  a  curious  and  sharply-defined 
semi-circular  concavity  of  small  radius,  and  enters  the  Cross  by 
a  very  bright  neck  or  isthmus  not  more  than  3**  or  4**  in  breadth — 
this  is  the  narrowest  portion  of  the  Milky  Way.  After  this  it 
immediately  expands  into  a  broad  and  bright  mass,  enclosing  the 
stars  a  and  fi  Crueis,  and  )3  Centauri,  and  extending  almost  up  to 
a  of  the  latter  constellation.  In  the  midst  of  this  bright  mass, 
surrounded  by  it  on  all  sides,  and  occupying  about  half  its  breadth. 
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occurs  a  singular  dark  pear-shaped  vacancy^  so  conspicuous  and 
remarkable  as  to  attract  the  notice  of  the  most  superficial  g^azer^ 
and  to  have  acquired,  amongst  the  early  southern  navigators,  the 
uncouth  but  expressive  appellation  of  the  Coal  Sad,  In  this 
vacancy,  which  is  about  8"*  in  length  and  5"*  in  breadth,  only 
one  very  small  star  visible  to  the  naked  eye  occurs,  though  it 
is  far  from  devoid  of  telescopic  stars,  so  that  its  striking  blackness 
is  simply  due  to  the  effect  of  contrast  with  the  brilliant  ground 
with  which  it  is  on  all  sides  surrounded.  This  is  the  place  of  the 
nearest  approach  of  the  Milky  Way  to  the  South  Pole.  Through- 
out all  this  region  its  brightness  is  very  striking,  and  when 
compared  with  that  of  its  more  northern  course,  already  traced, 
conveys  strongly  the  impression  of  greater  proximity,  and  would 
almost  lead  to  a  belief  that  our  situation  as  spectators  is  separated 
on  all  sides  by  a  considerable  interval  from  the  dense  body  of 
stars  composing  the  Gralaxy,  which  in  this  view  of  the  subject 
would  come  to  be  considered  as  a  flat  ring  of  immense  and 
irregular  breadth  and  thickness,  within  which  we  are  eccentrically 
situated,  nearer  to  the  southern  than  to  the  northern  part  of 
its  circuit. 

At  a  Centauri  the  Milky  Way  again  subdivides,  sending  off 
a  great  branch  of  nearly  half  its  breadth,  but  which  thins  off 
rapidly  at  an  angle  of  about  ao°  with  its  general  direction  towards 
the  preceding  side  to  »;  and  d  Lupi,  beyond  which  it  loses  itself 
in  a  narrow  and  faint  streamlet.  The  main  stream  passes  on, 
increasing  in  breadth  to  y  Normse,  where  it  makes  an  abrupt 
elbow,  and  again  subdivides  into  one  principal  and  continuous 
stream  of  very  irregular  breadth  and  brightness  on  the  following 
side,  and  a  complicated  system  of  interlaced  streaks  and  masses 
on  the  preceding,  which  covers  the  tail  of  Scorpio,  and  terminates 
in  a  vast  and  faint  efiusion  over  the  whole  extensive  region 
occupied  by  the  preceding  leg  of  Ophiuchus,  extending  north- 
wards to  a  pai*allel  of  13**  of  south  declination,  beyond  which  it 
cannot  be  traced ;  a  wide  interval  of  14''  free  from  all  appearance 
of  nebulous  light,  separating  it  from  the  great  branch  on  the 
north  side  of  the  equinoctial,  of  which  it  is  usually  represented 
as  a  continuation. 

N  n  a 
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Returning  to  the  point  of  separation  of  this  great  braneh  from 
the  main  stream^  let  us  now  pursue  the  course  of  the  latter. 
Making  an  abrupt  bend  to  the  following  side,  it  passes  over  the 
stars  i  AraB,  0  and  i  Seorpii,  and  y  Tubi  to  y  Sagittarii,  when  it 
suddenly  collects  into  a  vivid  oval  mass  about  6""  in  length  and  4** 
in  breadth,  so  excessively  rich  in  stars  that  a  very  moderate 
calculation  makes  their  number  exceed  100,000.  Northward  of 
this  mass  this  stream  crosses  the  ecliptic  in  longitude  about  276% 
and  proceeding  along  the  bow  of  Sagittarius  into  Antinoiis,  has  its 
course  rippled  by  3  deep  concavities,  separated  from  each  other 
by  remarkable  protuberances,  of  which  the  larger  and  brighter 
(situated  between  Flamsteed^s  stars  3  and  6  Aquilse)  forms  the 
most  conspicuous  patch  in  the  southern  portion  of  the  Milky  Way, 
visible  in  our  latitudes. 

Crossing  the  equinoctial  at  the  19*'*  hour  of  Right  Ascension, 
it  next  runs  in  an  irregular,  patchy,  and  winding  stream  through 
Aquila,  Sagitta,  and  Vulpecula,  up  to  Cygnus;  at  c  of  which 
constellation  its  continuity  is  interrupted,  and  a  very  confused 
and  irregular  region  commences,  marked  by  a  broad  dark  vacuity, 
not  unlike  the  southern  Coal  Sack,  occupying  the  space  between 
e,  a,  and  y  Cygni,  which  serves  as  a  kind  of  centre  for  the 
divergence  of  3  great  streams :  one  which  I  have  already  traced ; 
a  a**^,  the  continuation  of  the  i"*  (across  the  interval)  from  a  north- 
ward, between  Lacerta  and  the  head  of  Cepheus  to  the  point  in 
Cassiopeia  whence  we  set  out ;  and  a  3"*  branching  off  from  y  Cygni, 
very  vivid  and  conspicuous,  running  off  in  a  southern  direction 
through  /3  Cygni  and  8  Aquilae,  almost  to  the  equinoctial,  when  it 
loses  itself  in  a  region  thinly  sprinkled  v;ith  stars,  where  in  some 
maps  the  modern  constellation  Taurus  Poniatowskii  is  placed. 
This  is  the  branch  which,  if  continued  across  the  equinoctial, 
might  be  supposed  to  unite  with  the  great  southern  effusion  in 
Ophiuchus,  already  noticed.  A  considerable  offset,  or  protuberant 
appendage,  is  also  thrown  off  by  the  northern  stream  from  the 
head  of  Cepheus  directly  towards  the  Pole,  occupying  the  greater 
part  of  the  quartile  formed  by  a,  ^,  t,  and  6  of  that  constellation. 

It  is  impossible  to  give  any  idea  of  the  enormous  number  of 
stars  in  the  Milky  Way,  but  Sir  W.  Herschel  has  recorded  some 
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facts  that  will  assist  us.  That  observer  states  that  on  one  occasion 
he  estimated  that  116,000  stars  passed  through  the  field  of  his 
telescope  in  ^hour'';  and  again  that  on  Aug.  22,  1792,  he  saw 
258,000  stars  pass  in  41™.=  The  surprising  character  of  this  result 
will  he  more  adequately  appreciated  when  compared  with  the 
number  of  stars  that  are  visible  to  the  naked  eye.  The  common 
estimation  gives  between  5000  and  4000,  though  Struve  augments 
the  number  to  6000  for  persons  of  very  acute  vision*. 

Sir  John  Herschel  has  computed  that  the  total  number  of  stars 
visible  in  an  18-inch  reflector  cannot  be  less  than  5}  millions,  and 
probably  many  more*.  Struve's  estimate  for  SirW.Herschel's  20-ft. 
reflector  is  2oi  millions. 

Fig.  178. 
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A  brief  reference  must  here  be  made  to  what  is  commonly 
known  as  Sir  W.  Herschel's  theory  of  the  Milky  Way.  He 
conjectured  that  the  stars  were  not  indifferently  scattered  through 
the  heavens,  hut  were  rather  arranged  in  a  certain  definite  stratum, 
the  thickness  of  which,  as  compared  with  its  length  and  breadth, 
was  inconsiderable ;  and  that  the  Sun  occupies  a  place  somewhere 
about  the  middle  of  its  thickness,  and  near  the  point  where  it 
subdivides  into  2  principal  streams,  inclined  to  each  other  at  a 
small  angle.  It  is  clear,  then,  that  to  an  eye  viewing  the  stratum 
from  S]  the  apparent  density  of  the  stars  would  be  least  in  the 
direction  S  A,  or  S E,  and  greatest  in  the  direction  SB,  S C,  S  D, 
and  this  corresponds  generally  to  the  oI>served  facts '.     "  Such  is 

"  Phil.  TroBi ,  vol.  liiv.  p.  144.   1785.  •  Jta.  0/  All.  Ob>.  Ac.  p.  381.     For 

'  /Aui,,  vat.  lixiT,  p.  70.     1795.  more  oa  tbii  subject,  Me  Outlina  <^Ait. 

'  Studei  iTAttronomit  St^IaiTt.  p.  61.  '  Hiod,  in  Alla$  0/  Aitronimy. 
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the  view  of  the  construction  of  the  starry  firmament  taken  by 
Sir  William  Hersehel  ^,  whose  powerful  telescope  has  effected  a 
complete  analysis  of  the  wonderful  zone^  and  demonstrated  the 
fact  of  its  entirely  consisting  of  stars/^ 

By  the  Greeks  the  Milky  Way  was  termed  the  Taka(Ca9  or 
Kt;KXo$  yaXaKTiKos,  and  by  the  Romans  the  Circulus  lacUus  or  Orbis 
Icicteus  ;  from  our  ancestors  it  received  the  names  of  JacoV%  Ladder ^ 
the  Way  to  SL  James's,  Walling  Street,  &c.  The  diversity  of  the 
ancient  names  was  equalled  only  by  the  diversity  of  opinions  that 
prevailed  as  to  what  it  was.  Metrodorus  considered  it  to  be  the 
original  course  of  the  Sun^  but  that  it  was  abandoned  by  him  after 
the  bloody  banquet  of  Thyestes;  others,  that  it  pointed  out  the 
place  of  Phaethon's  accident ;  whilst  a  3^^  class  thought  that  it  was 
caused  by  the  ears  of  com  dropped  by  Isis  in  her  flight  from 
Typhon.  Aristotle  imagined  it  to  be  the  result  of  gaseous  exhala- 
tions from  the  Earth,  being  set  on  fire  in  the  sky.  Theophrastus 
declared  it  to  be  the  soldering  together  of  7,  hemispheres ;  and^ 
finally,  Diodorus  conceived  it  to  be  a  dense  celestial  fire,  shewing 
itself  through  the  cleils  of  the  starting  and  dividing  semi-globes. 

The  speculations  of  Democritus**  and  Pythagoras  were  to  the 
effect  that  the  Galaxy  was  nothing  more  or  less  than  a  vast 
assemblage  of  stars.  Ovid  speaks  of  it  as  a  high  road  "  whose 
groundwork  is  of  stars.^'  Manilius  uses  similar  language  *.  It  is 
singular  that  Ptolemy  has  in  none  of  his  writings  expressed  any 
opinion  on  it.     Our  own  ancestors  supported  the  star  theory. 

In  Milton  we  find  mention  of  that — 

*'  broad  and  ample  road, 
Whose  dust  is  gold,  and  pavement,  stars." 


I  Thomas  Wright,  of  Durham,  (see  his  found    in    the    Phil.    Mag.^   vol.  xxxii. 

Theory  of  the  Lniversey  London   1751,)  p.  241. 

first    started    this    idea    in    1734.     An  ^  Plutarch,  De  P/oct^.,  lib.  iii.  cap.  I. 

analysis  of  this   curious  work   will   be  '  De  Sphcerd,  lib.  i.  cap.  9. 
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CHAPTER    VII. 


THE    CONSTELLATIONS. 


List  of  those  formed  by  Ptolemy, — Subseqttent  Additions. — Remarks  by  ffersehel,  Ac,-^ 
Catalogue  of  the  ConsteUations,  ioith  the  position  of,  and  Stars  in,  each, 

I  HAVE  already  referred  to  the  constellations :  in  this  chapter 
I  shall  catalogue  them. 
Ptolemy  enumerates  48  constellations :  21  northern^  12  zodiacal^ 
and  15  southern,  as  follows : — 


Northern. 


I.  Ursa  Minor, 
a.  Ursa  Major. 

3.  Draco. 

4.  Cepheus. 

5.  Bootes,  or  Arctophylax, 

6.  Corona  Borealis. 

7.  Hercules,  EngonaHn. 

8.  Lyra. 

9.  Cygnos,  Gallina, 

10.  Cassiopeia. 

11.  Perseus. 
I  a.  Auriga. 

13.  Serpentarius. 

14.  Serpens. 

15.  Sagitta. 

16.  Aquila,  VuUer  rolans. 

17.  Delphinus. 

18.  Equuleus. 

19.  Pegasus,  Equits. 

30.  Andromeda. 

31.  Triangulum. 


The  Little  Bear. 
The  Great  Bear. 
The  Dragon. 

The  Bear  Keeper. 

The  Northern  Crown. 

Hercules  kneeling. 

The  Harp. 

The  Swan. 

The  Lady  in  her  Chair. 

The  Charioteer. 
The  Serpent  Bearer. 
The  Serpent. 
The  Arrow. 
The  Eagle. 
The  Dolphin. 
The  Little  Horse. 
The  Winged  Horse. 
The  Chaine<l  Lady. 
The  Triangle. 
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Zodiacal. 


I    Ariel. 
1.  Tfturus. 

3.  Gemini. 

4.  Cancer. 

5.  Leo. 

6.  Virgo. 

7.  Libra,  CKekt. 

8.  Scorpio. 

9.  SagittorioB. 

10.  Capricomuc. 

11.  Aquarim. 
13.  Piioet. 


Southern. 


I.  Cetus. 
a.  Orion. 

3.  EridanoB,  Flutiw, 

4.  Lepus. 

5.  Canii9  Major. 

6.  Canis  Minor. 

7.  Argo  Navis. 

8.  Hydra. 

9.  Crater. 

10.  Corvus. 

11.  Centaunis. 
II.  Lupus. 

13.  Ara. 

14.  Curona  Australifi. 

15.  PisciB  Australia. 


The  Bam. 

The  Bull. 

The  Twine. 

The  Crab. 

The  Lion. 

The  Virgin. 

The  Balance. 

The  Scorpion. 

The  Archer. 

The  Goat 

The  Water  Bearer. 

TlieFiihee. 


lie  Whale. 

Eridanni,  Hie  Rirer. 

Hie  Hare. 

The  Great  Dog. 

The  Little  Dog. 

The  Ship  "  Argo." 

The  Snake. 

The  Cup. 

The  Crow. 

The  Centaur. 

The  Wolf. 

The  Alter. 

The  Southern  Crown. 

The  Southern  Fish. 


Tycho  Brahe,  about  1603,  added— 

I.  Coma  Berenicis.  The  Hair  of  Berenice. 

3.  Antinoiis. 

(Both  Northern  Constellations.) 


Bayer,  in  [6o4,added — 

I.  Pavo. 

1,  Toucan. 

3.  Grus. 

4.  Phoenix. 

5.  Dora<lo,  Xiphias, 

6.  Pisces  Volans. 

7.  Hydrus. 

8.  Chameleon. 


The  Peacock. 
The  American  Gooee. 
The  Crane. 
The  PhcRnix. 
The  Swonl  Fish. 
The  Flyinir  Fish. 
The  Water  Snake. 
Tlie  Chameleon. 
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9.  Apis. 

10.  Avis  Indica. 

11.  Triangulum  Australe. 
13.  luduB. 


The  Bee. 

The  Bird  of  Paradise. 
The  Southern  Triangle. 
The  Indian. 


(All  Southern.) 


Royer,  in  1679,  added — 

I.  Columba  Noachi. 
a.  Crux  Australis. 

3.  Nubis  Major. 

4.  Nubis  l^nor. 

5.  Fleur-de-lis. 

(All  Southern  Constellations.) 

Halley^  about  the  same  period^  added — 


The  Dove  of  Noah. 
The  Southern  Cross. 
The  Great  Cloud. 
The  Little  Cloud. 
The  Lily. 


I.  Robur  Carol!. 


Charles's  Oak. 
(A  Southern  Constellation.) 


Flamsteed's  maps  also  contain — 


1.  Mens  Mienalus. 

2.  Cor  Caroli. 


The  Mountain  Menalus. 
Charles's  Heart. 


(Both  Northern  Constellations.) 


Hevelius,  in  1690,  added — 

I.  Camelopardus. 

a.  Canes  Venatici,  AsUrion  et  Chara. 

3.  Vulpecula  et  Anser. 

4.  Laoerta. 

5.  Leo  Minor. 

6.  Lynx. 

7.  Clypeus,  or  Scutum,  Sobieskii. 

8.  Triangulum  Minor. 


The  Cameleopard. 
The  Himting  Dogs. 
The  Fox  and  the  Goose. 
The  Lizard. 
The  Little  Lion. 
The  Lynx. 

The  Shield  of  Sobieski. 
The  Little  Triangle. 


9.  Cerberus. 

(All  Northern  :  and) 

10.  Monoceros.  The  CTnicom. 

11.  Sextans  Uraniie.  The  Sextant  of  Urania. 

(Southern  Constellations.) 


La  Caille,  in  1752,  added — 

1.  Apparatus  Sculptoris. 

2.  Fornax  Chemica. 

3.  Horologium. 

4.  Rtticulus  Rhomboidalis. 


The  Apparatus  of  the  Sculptor. 
The  Chemical  Furnace. 
The  Clock. 
The  Rhomboidal  Net. 
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5.  C«U  Soulptoris.  The  Soulptor'i  Tools. 

6.  Equuleiu  Pictorii.  Hie  IVunter*!  EaaeL 

7.  Piiis  Naatica.  The  Mariner*!  Comp— 

8.  Antlut  PneuiDAtiGa.  The  Air  Pump. 

9.  Octani.  The  Octant. 

10.  Circiniis.  The  Compaaiee. 

11.  Norma,  or  Qoadra  Euolidie.  Eadid's  Square, 
la.  Telescopium.                                           The  Telescope. 

13.  Microsoopiam.  The  Microscope. 

14.  Mens  Mense.  The  Table  Mountain. 

(All  Southern  Constellations.) 

Le  Monnier,  in  1776,  added — 

I.  Tarandus.  The  Rein  Deer, 

a.  Solitarius.  The  Solitaire. 

(The  former  in  the  northern,  the  latter  in  the  southern  hemisphere.) 

In  the  same  jear  Lalande  placed  Messier's  name  in  the  heavens, 
by  forming  a  constellation  in  his  honour^  near  Tarandus. 

Poczobut,  in  1777,  added — 

Taurus  Poniatowskii.  The  Bull  of  Poniatowski. 

(Between  Aquila  and  Serpentarius.) 

Hell  formed  in  Eridanus — 

Psalterium  Georgianum.  George's  Lute. 

And^  finally,  in  Bode's  maps  we  meet  with — 

I.  HoDore8  Frederici.  The  Honoun  of  Frederick, 

a.  Sceptnim  Brandenburgicum.  The  Sceptre  of  Brandenburg. 

3.  Telescopium  Herschelii.  Herschers  Telescope. 

4.  Globus  Aerostaticus.  The  Balloon. 

5.  Qaadrans  Muralis.  The  Mural  Quadrant 

6.  Lochium  Funis.  The  Log  Line. 

7.  Machina  Electrica.  The  Electrical  Machine. 

8.  Officina  Typographica.  The  Printing  Press. 

9.  Felifl.  The  Cat. 

Majcing  in  all  109  constellations.  This  number  by  no  means 
exhaust*  the  list  of  those  which  have  been  proposed  by  different 
persons.  A  writer  in  the  English  Cyclopedia  very  pertinently 
remarks :    ''  In   fact,   half-a-century  ago,  no   astronomer  seemed 
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comfortable  in  his  position  till  he  had  ornamented  some  little 
cluster  of  stars  of  his  own  picking  with  a  name  of  his  own 
making/^ 

Sir  J.  Herschel  says :  *'  The  constellations  seem  to  have  been 
almost  purposely  named  and  delineated  to  cause  as  much  confusion 
and  inconvenience  as  possible.  Innumerable  snakes  twine  through 
long  and  cortorted  areas  of  the  heavens^  where  no  memory  can 
follow  them;  bears^  lions^  and  fishes^  small  and  large^  northern 
and  southern^  confuse  all  nomenclature^  &c.'' 

Many  of  the  above  smaller  constellations  are  very  properly 
rejected  by  modem  uranographersj  and  in  the  list  which  I 
append^  I  shall  insert  those  asterisms  only  which  are  generally 
acknowledged  in  the  present  day. 

The  column  headed  ''Co-ordinates''  may  be  thus  explained. 
Project  a  line  through  the  given  parallel  of  B.  A.^  and  another 
through  the  given  parallel  of  Declination^  and  their  point  of 
intersection  will  fall  on  a  central  part  of  the  constellation^  a 
celestial  globe  or  map  being  employed. 
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THE  NORTHERN  CONSTELLATIONS. 


'  Ai|uik ,■9    3° 

Aurij^        ,  6 

BotJUa I  14     3S 

\  Cuoelupftnliu      S     4S 

Cnnea  VenMici  ..      ..    I  IJ 

Cusiapflu I 

Cepheus       j  :l 

Clypoua  Sobiegkii       ..    |  iS 

CanM  Berenicu  ■  ■      .-    |  ll 

DDii  Bore&tia  . .  ij     40 

Cygnaa        1  10 

Delphiuus |  ao     40 

3ruco 17 

Hereules      '  16     45 

I  Leo  Minur '  lO 

'   Lyni j  7     SS 

I  Ly™ ,  '8 

I   PfgMua        I  "      '5 

j  PerveusctCnputMeduif j  5     30 

I  SaaLlta         I  ig     40  ] 

I  Serpens        'S     4°  j 

Tiiiinis  Puniatowakii  ..  17     fa 

lV!.ngulun.         ,-      -.    j  .      oj 

Ui^iMiyor        ..      ..  10    40 
I  UruiMinor        ..      -.15      o  ' 

I  Vulpecula  ot  Anser   ...  10      a  | 

'  Grand  Total  I 
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THE  ZODIACAL  CONSTELLATIONS. 


No. 

3 
5 

7 
B 
9 

Nmub. 

Ariea 

TnuruB       

Gemini       

Cancer       

Leo 

Vii^ 

Libr« 

Saorpio       

C»prioo™«.       ..      .. 

Aijuarius 

Piaceii         

of  Mag- 

K.A. 

1     30 
4       0 

8     4I 

13     90 

16     15 

18    js 

Den. 
18  N. 
J8 
»5 

'S 

3N. 
15  a 

31 

9S. 
10  K. 

1 

3 

... 

■4 

6 
3 

3 

;: 

»7 

«4 
t£ 

I4S 

iS 

34 

'7 

S8 
aS 
IS 
47 

39 
93 
34 
38 

IS 
iS 

!J      Grand  Total                     ! 

* 

.0 

37 

83  '..9 

364 

THE    SOIWHEKN   CONSTELLATIONS. 


Aiitlia  Poeumatica 
.Sculptor  tApp.  Sculpt.) 

Am       

Ar^ 

a  Scnlptoris  . . 
la  Major 
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THE  SOUTHEBN  CONSTELLATIONS— ronluiwd. 


CtuuDBl*an 

Circiniu 

Cotumbk  Noaohi 
CoroDK  Auatnlii 

Cmtor..      

Crui 

Dorado        

Rrtor  {Bq.  Piot.)      .  - 

Foniu  (Fom.  Chem.) 

Grtis 

Horologium 

Hjdm 

Monooero*  ■  ■  t  ■  ■ 
Modi  Meone 

Microicopiam 
MoM-kAmtnlu 

Narma         

Octwu 

Ophiuchns 

P»TO 

Piscii  Aostnlis  ..      .. 

Piscia  VoUuu 


'7 

Tout. 

•7 

it> 

IG 

« 

7 

$ 

8 

6 

9 

4 

10. 

13 

17 

U 

17 

3J 

64 

6 

1 

6 

41 

49 

"3 

6 

'S 
18 
34 

9 

11 

9 

9 

4 

5 

3 

7 

'3 

16 

40 

>9 
»5 

37 

'7 
3) 
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THB  BODTHERN  CONSTELLATIONS— ocmtimud. 


No. 

Nuue. 

Co-oidiaites. 

StanoTMis- 

4» 

43 
44 

4S 

Seitjuu,        

Telewopium       ..      .. 

Toamn        

Trimngnlnni  Atutmae 

K.A. 

b.     n. 
4      o 

.8    40 
»3    45 
>5    40 

6] 

53 
66 
6S 

:: 

iL     m. 

3 

Tot.1. 

3 

S 

45 

Grand  Total 

" 

26     6j 

"5? 

654 

"' 

Niuii.of 
Oou. 

Btanorlbfc.                             1 

,, 

H. 

iu. 

IT. 

TMiJ 

NMthem 

19 

6 

10 

6S 

■3» 

604 

817 

Zodiitol 

11 

5 

10 

37 

83 

139 

364 

SoutbciTD 

45 

" 

s6 

63 

»57 

654 

911 

86 

" 

S6 

165 

37. 

I +87 

"<" 

Ai^elimder'B  numbers  differ  slightly.    He  gives  the  roUowing : — 


190 


-    3*00 


According  to  the  same  observer  the  number  of  stars  visible  to 
the  naked  eye  at  Berlin  is  3256.  The  number^  of  course,  increases 
as  we  approach  the  equator,  owing  to  the  wider  expanse  of  heavens 
opened  up  by  the  diurnal  movement. 
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CHAPTER   VIII. 

A  CATALOGUE  OF  CELESTIAL  OBJECTS. 

THE  following  catalogue  is  designed  to  furnish  a  series  of 
objects  available  for  achromatic  telescopes  of  about  3  inches 
aperture  and  4  feet  focal  length.  With  very  few  exceptions,  those 
visible  in  England  have  actually  been  examined  with  an  instru- 
ment of  this  size;  the  remainder  have  been  selected  with  care 
firom  various  sources,  but  chiefly  from  Sir  J.  Herschel's  Cape 
Observations.  It  is  believed  that  this  is  the  first  systematic 
abridgment  of  the  catalogues  contained  in  that  work  yet  at- 
tempted. By  adopting  the  plan  of  combining  northern  and 
southern  objects,  the  lists  which  follow  have  been  made  available 
for  use  in  either  hemisphere.  Speaking  generally,  double  stars 
are  characteristic  of  the  northern  heavens;  remarkable  clusters 
and  nebula),  of  the  southern.  Nearly  all  the  celebrated  aggrega- 
tions of  stars  are  situated  south  of  the  celestial  equator,  whilst 
important  doubles  are  rather  scarce  there. 

PART  I.— DOUBLE,  TRIPLE,  AND  MULTIPLE  STARS. 

As  a  general  rule,  no  stars  are  inserted  which  are  less  than  2"  or 
more  than  60"  apart.  Also,  as  a  general  rule,  no  principal  star  is 
included  which  is  less  than  the  6^^  magnitude,  and  no  secondary 
one  which  is  less  than  the  7^*;  but  in  some  special  cases  these 
limitations  have  been  disregarded,  as  in  regions  where  objects  are 
sparsely  scattered  and  an  adequate  number  fulfilling  the  requisite 
conditions  could  not  be  obtained.  Many  stars,  double  when 
examined  by  small  telescopes,  appear  triple  and  quadruple  in  larger 
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ones :  reckoned  under  the  latter  head  they  would  be  inappropriate 
for  this  list^  but  not  so,  regarded  in  the  more  elementary  form. 
The  magnitudes  are  chiefly  from  Smyth  and  Webb ;  the  distances 
from  various  sources^  especially  Secchi  and  Dembowski.  The 
epochs  are  all  the  most  recent  that  were  accessible  to  me.  In 
double-star  nomenclature^  A  denotes  the  largest  star^  and  B^  C^  &c.^ 
the  smaller  ones  in  succession. 


Na 


I 

a 

3 

4 
5 

6 

7 
8 

9 

lO 

II 

12 

13 
14 
15 

i6 

17 
i8 

19 
ao 

21 

22 

23 

U 

as 


Star. 


0  ToQcani . . 
w  Andromedie 
17  Cassiopeie 
65  PiBcinm 
^  Piflciom 


a  UnsB  Minoria 
37Ceti      

6  Eridani 

y  Arietis 

\  ArietiB 

a  Piacium  . . 

y  Andromedie  . . 

59  Andromedie 

I  Trianguli 

72  P  II.  Casfliopeias. . 

«  Fomaciii 

30  Arietis 

12  Persei 

7  CeU        

II  Persei 

41  Arietis 

220  P  II.  Persei 

0  Eridani 

a  Eridani 

f  Eridani 


R.  A  1870. 


b.  m.    •. 

o  as  34 
o  29  56 
o  41    9 

o  4a  53 

0  58  42 

1  II  17 

»     7  49 

I  34  5a 

1  46  23 

I  50  4i 

I  55  iS 
I  55  55 
a  3  4 
a    4  49 

2  18    23 


Decl.  1870. 


-63  404 
+  33  O'a 
+  57     7-8 

+  27       0*2 

■f  ao  46*6 

+  88  37-0 

-  8  37-5 

-56  51*3 

+  18  39*5 

+  22  57*7 

+  2  8-1 
+  41  424 
+  38  25-5 
+  29  41*6 
+  66  49'o 


2  28    8 

-28  48-3 

2  29  26 

+  24    49 

a  34    3 

+  39  387 

a  36  34 

+   2  413 

a  41  »3 

+  55  ar2 

2  42  19 

+  a6  43-5 

a  51  36 

+  5»  50*0 

2  53  20 

-40  496 

3     6  32 

-29  303 

3  4348 

-38     II 

Mags. 


both  5 
4}  and  9 

4  »nd  7j 
5|  and  6 

bothsi 

2}  and9j 
6  and  7} 
both  6} 
4}  and  5 
5}  and  8 

5  and  6 

3i  and  5i 

6  and  7 

5iand  7 
4},  7,  and  9 

6}  and  8 
6  and   7 
6  and   7} 
3  and   7 
5  and   8} 


Distanoe  and  Notes. 


36 

6*9;  7oo-7ear  binary. 

4*5 
30 

18-4 

51 

37 
8-8 

37 

3*5 
10*3  ;  B  also  double. 

16 

3*5 

1*8  and  7*8 

10 

38 
22*9 
27 
28 


:i  «  II  o  '/^5»  38,  and  125  (all 
3.i3»ii.9i         from  A.) 

6  and   8    I  12*5 

4i  and  5}  !  8*8 

4  and   7  5 

5  and  5j  9 


O  O 
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No. 


Star. 


a6 

«7 
a8 

30 

3» 
3a 

33 
34 
35 

36 

37 

38 

39 
40 

41 
4a 
43 
44 
45 

46 

47 
48 

49 
50 

51 

5a 

53 
54 
55 

56 

57 


33  Eridani 
c  Persei 
X  Tauri 
^  Horologii 
T  Tauri 


1  Pictoris  . . 
14  Aurigffi 
0  Ononis  . . 
1 70  0*  Leporis 
33  Ononis 


Bo  A.  1870a 


118  Tauri 
9  Orionis 
\  Orionis 
1  Orionis 
<r  Orionis 


(  Orionis    . . 
7  Leporis  . . 
41  Aurigae 
II  Monocerotis 
la  Lyncis  . . 


2193  BA.C.  Arg.Nav. 
958  2  Lyncis    . . 
38  G^minonim . . 
301  P  VI.  Lyncis    . 
2336  BA.C. Arg.Nav. 

y  Volantis 

19  Lyncis , 

a  Geminonim   . . 
175  PVn.  Arg.Nav. 

a  ArgAs  Navis . . 

( Cancri 

y  ArgdB 


h.  m.  ■. 
3  47  50 

3  49    7 

4  14  40 
4  16  10 
4  34  «6 

4  48     I 

5  6  56 
5    8  17 

5  13  33 
5  15  59 

5  ai  15 
5  as  aa 

5  27  58 

5  «9    3 

6  3«  13 

5  34  " 

5  39    3 

6  I  38 
6  aa  31 

6  34  44 
^  35    9 

6   37    30 

6  47  18 

6  55  19 

7  I  16 

7    9  50 

7  "  14 
7  36  18 

7  33  30 

7  39  30 

8  4  45 
8    5  31 


Decl.  1870. 


Msffu 


-  3  «0'3  ,  5  an^  7 
+  .^9  37*8  ,  3i  »nd  9 
•f  35  19*3  ;  6  and  8 


Distance  and  Notes. 


-44  34*8 

+  33  43*1 

-63  411 
+  33  33-3 

—    8   31*3 
-18   394 

+   3  25*1 


5}  and  8 
5  and  8} 


6  and  7  13 
5  and  7 J  14-6 
1  and  9        9*5 

7  and  7}  39 
5  and  7  33 


6-8 

8-4 

194 
70 

68 


+  35     3-6  .  7  and   7J  j     5-1 

—  o  33*8  !  3  and   7      53'3    (Secchi,  80) 
+   9  50*8     4  ftn<i  ^    '     4*5 

-  6  59*8    3 J.  8J,  II  I  1 1-3  and  50 


-  a  40*6 


4,  8,  and  7 


I  a  and  4a 

34,56  (Secchi,  114) 
93 


-3     08     3,  6J,  10 

—  23  39*2      4  an<l   6J 
+  48  44-1      7  and   7i  ■     7*8 

—  657-0  6i,7,and8;     7*3, 9-6  (7  and  8,  3*5) 
+  59  34*2  '  6,  ^f  7i  I     17  and  87 


-48    6-8 
+  66  507 

+  13    30*6 

+  5^  57*1 
-58  59' » 

-70  1 7*3 

+  55  31*6 
+  33  io*4 

-a6  30-4 

-14  23*5 


5I  and  8 

both  6 

5}  and  8 

6  and   6} 
6}  and  7} 

5  and   7 
7, 8,  and  8 

3  and  3} 
both6i 

7  and   7J 


+  18     3*4  i6,7,and  7} 

I 

—46  56*3  I  3  and  6 


13 

51 
6 

3*4 

a 

13 

15  and  215 

57 
9-8 

17 

0*4  and  5*6  (1866) 
41 
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No. 


58 

59 
60 

61 
62 

63 
64 
^h 

66 
67 
68 
69 


71 
7a 

73 
74 
75 

76 

77 

78 

79 
80 

81 
8a 

83 

84 
85 

86 

87 
88 

89 
90 


Ster. 


E.A.  1870. 


^'  Cancri 

108  P  Vin.  Hydne 
114  P  VIII.  Cancri.. 

3073  B  A.C.  Arg.  Nav. 
38  Lyncis 

7  Leonis 

361 3  B  A.C.  Arg.  Nav. 
1474  SHydrsB  .. 

54  Leonis 

(  UrasB  MajoriB 

1  Leonis 

17  Crateris 

90  Leonis 

65  Uraae  Majoris 
a  CroniK  Berenicis    . . 
41 15  BA.C.  Centauri 

a  Cnicis 

1 7  Corns  Berenicis  . . 

8  Corvi      

7  Cmcis 

34  Comae  Berenicis  .. 

7  Virginis 

a3a  P  XII.  Camelop. 

1 3  Canum  Yenat.    . . 
54  Yiiginis 

C  Ursse  Majoris 

fHydrsB 

3  Centauri 

1  Bootis      

4749  BA.C.  Centauri 
69  P  XIV.  Bootis    .. 
a  Centauri 
V  Bootis 


h.  m.  %, 
8  18  55 

8  a8  56 

8  3a  aa 

8  53  47 

9  10  44 

o  la  47 
o  a6  a3 
o  41  10 


0  48  34 

+  a5  a6-6 

1  11  15 

+  3a  i6*o 

I  17  8 

+  11  14-9 

I  H   49 

-a8  3a-9 

1  37  57 

+  17  31*0 

I  48  19 

1  57  37 
a    7  15 

a  19  a3 

a  aa  a7 

a  a3  8 
3  23  58 
a  a8  36 

a  35  5 
a  48  II 

2  49  57 

3  6  30 

3  18  40 

3  29  35 

3  44  20 

4  "  34 
4  n  ao 

4  i^  59 
4  30  48 

4  34  36 


Ded.  1870. 


+  a7  ai*6 

+  7  4-5 
+  20    o'a 

-58  437 
+  37  ai-a 
+  ao  30*1 

-44  24« 
-14  34*5 


+  47  la'o 
+  aa  11*1 

-45  o-i 
—62  aa'7 
+  a6  38*0 

-15  47*4 
—6^  23  o 
+  19  5*5 
-  o  44a 
+  84    7-a 

+  39     II 

-18    81 

+  55  3^3 

-25  49*7 
—3a  ao'9 

+  51  58*0 

-57  51-8 
+  9  a-4 
—60  17*9 
+ 16  58*6 

O  O  !Z 


Mags. 


6  and  6\ 
6  and   7 

7.  7i.  ^i 

6  and  7 
4  and  7} 
a  and  4 
both  7 
7,  7,  and  8 

4}  and  7 

4  M»d  5i 

4  »n<i   7i 
Sjand  7 

^»  7i»  9i 

7,9i,  and  7 
6  and  7} 
5i  and  7 
a,  a,  and  5 
5}  and  6} 

3  and  8} 

2  and  5 
5i  and  7 

both  4 

6  and  6| 

a|  and  6} 

7  and  7} 

3  and  5 

6  and  7 
6  and  7 

4}  and  8 
5i>  8,  II 
6  and  7} 
I  and  a 
3}  and  6 


Distance  and  Notes. 


// 


47 
lO's 

45  and  90 

40 

a -8 

31 

14 

71  and  67 

6*3 
a*i 

a-8 
10 
3*  a  and  63 

3'8  and  63 

37 

4 

5«  90  [quintuple] 


{ 


a4i 
1 30 
ao*4 

4-4  (1866) 
aa 

ao'i 

57 
14-4 ;  Alcor,  mag.  5, 
is  distant  iif'. 

10 


38 

9*6  and  35 
6*  a 

155  (1838) 
6*0 
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No. 

91 
92 

93 
94 
95 

96 

97 

98 

99 
100 

lOI 

xoa 
103 
104 

105 

106 
107 
108 
109 
no 

III 
iia 

"3 
"4 
"5 

116 
117 
118 
119 
110 

121 
laa 


Btxr. 


54  Hydne 

c  Bootis 

39  Bootis 

(Bootis 

aiaPXIV.  Libra  . 

44  Bootis 

ic  Lupi       

/i  Lupi       

/i  Bootis 

9  Serpentis 

( GoronsB 

(Lupi        

51  Librae 

0  Scorpii 

K  Herculis 

V  Scorpii 

5435  B.A.C.  Scorpii 

<r  Scorpii 

p  Ophiuchi 

1 7  Draconis 

/i  Draconis 

36  Ophiuchi 

a  Herculis 

39  Ophiuchi 

p  Herculis 


V  Draconis.. 
^^  Draconis 
67  Ophiuchi 
95  Herculis 
70  Ophiuchi 

100  Herculis 
40  Draconis 


E.  A.  1870. 


h.  m.  I. 
4  38  30 
4  39  18 
4  45  17 
4  45  aa 
4  49  51 

4  59  31 

5  a  55 
5  9  30 
5  19  35 
5  a8  36 

5  34  89 

5  48  35 
5  57  13 

5  57  5a 

6  a  la 

6  4  a6 
6  II  19 
6  13  17 
6  17  47 

6  33  10 

7  a  39 

7  7  20 

7  8  43 
7  10  5 

7  19  " 

7  ^9  35 
7  44  14 
7  54  8 
7  55  59 

7  58  $2 

8  2  34 
8  946 


Decl.  1870- 


-84  53*3 
+  37  37*4 
+  49  15*2 
+  19  385 
- ao  484 

+  48  97 
-48  144 
-47  23*7 

+  37  500 
+ 10  58-5 

+  37  3'^ 

-33  34"9 
-II  0-8 

-19  a6'8 

+  17  a37 

—  19  7'a 

-30  35*4 
-25  168 

-23  87 
+  53  "'2 

+  54  387 
-a6  23*9 

+ 14  32*2 
-H  8-5 
+  37  «^*i 

+  55  164 
+  72  12*9 
+  2  563 

+  «i  359 
+  a  3^*5 

+  a6  4-8 
+  79  58-8 


Mags. 


5i  and  7j 

3  and  7 
5j  and  6J 
3i  and  6J 

6  and  7} 

5  and  6 
5J  and  6J 
6,  7,  and  6 

4  and  8 

3  and  5 

5  and  6 
both6i 

4i  and  7j 
2  and  5j 

si  and  7 

4  and  7 

7  and  7} 

4  and  9} 

5  and  7i 
6, 6},  and  6 

4  and  4^ 
4i  and  6} 
si  and  5j 
5j  and  7^ 
4  and  5} 

both  5 
5}  and  6 
4  and  8| 
si  and  6 
4i  and  7 

both  7 
si  and  6 


Distance  and  Notes. 


// 


9-8 
a*6 
3*6 

5-4 
12 

4*5 

^7 

20  and  2*1 

108  ;  B  also  double. 

3*2 

6*2 
10 

7*2  ;  A  also  double. 

304 

40  ;  B  also  double. 

«7 
20*4 

3*4 

37  and  90 

3 

44 

47 
IO-8 

3-8 

62 

31 

55 
6-2 

54 

141 
ao 
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No. 


"3 
124 

126 

127 
128 
129 

130 

131 

"33 
134 


Star. 


n  CoronsB  AuBtralis  . . 

c  Lyne       

( Lyne       

/3Lyi»      

B  Serpen  tis 

y  Coronie  Australia  . . 

15  AquiUe 

3^  Sagittarii     ..      .. 


fiCygoi 
16  Cyjfni 


57  Aqmls 

320  P  XIX.Vulpeculs 


135      26  P  XX.  Antinoi 


136 

137 

138 

139 
140 

MI 
14a 
143 
«44 
145 

146 

147 
148 

>49 
150 

151 
153 


0*  Cygni 

a  Capricomi 
K  Cephei  . '. 
fi  Capricorni 

0  Ct^ricomi 

7  Delphini 

7191  B.A.C.  Pavonifl 

«  Equulei 

A  £qiiulei  •• 

61  Cygni  

1  Pegaai 

0  Cephei 

248  P  XXI.  Cephei 

/i  Cygni 

(Cephei 

IIP  XXII.  Cephei 

33Pega8i 

53  Aqaarii 


R.A.  1870. 


h.  m.    s. 
8  24  24 

8  40  o 
8  40  17 

8  45  15 

8  49  45 
8  57  38 

8  58    6 

9  13  17 

9  *S  a8 

9  38  22 

9  47  35 
9  47  39 
o    5  57 

o  9  32 
o  xo  50 

o  13  IS 
o  13  42 

O    22    26 

o  40  38 
o  40  45 
o  5a  35 

0  55  48 

1  I     4 

I  16  4 
I  36  55 

1  34  55 

1  38  18 
201 

2  4  12 
2  17  24 
2  19  29 


Decl.  1870. 


Ifafni. 


-38  489 
+  39  32-0 
+  37  28*2 

+  33  "7 
+  4    19 

-37  147 

-  4  134 
-44  420 

+  ^7  41-3 
+  50  13-4 

-  8  3.V8 
•f  20  00 
+  o  288 

+  46  20*9 
-12  567 
+  77  19*1 

-15  "'4 

—  19    0-6 

+  15  39'^ 

-6a  54*5 

+  3  47*9 
+  6  40*2 

+  38  B'l 

+  19  149 
+  69  596 

+  56  541 
+  28  9'5 
+  63  69*6 

+  58  39*4 
+  20  11-5 

—  17  24*0 


7  and  7} 

5»<^i.  5»5i 

5  »nd  5j 

3-5  (»•«. 
var.)    8, 

8J,and9 
4land5 

both  6 

6  and  7} 

5  and   7^ 

3   and  7 
6}  and  7 
6^  and  7 
both  7 
6}  and  7 

4>   7i>  5i 

3  and  4 
4^  and  8^ 
3j  and  7 

6  and   7 

4  and  7 
both  6} 

5  and  7} 

6  and  6| 
5}  and  6 

4  and  9 
3   and  8 
6.  8J,  8i 
5,6, and  7 J 

5  and  7 

6  and  6| 
6^,  9,  and  8 

both  6^ 


{ 


Diitanoe  and  Nd 


// 


22 


3'oand2*5 ;  dis 
A  A  207. 


44 

46,60,  and  71 

21*7 

35 


34-4 
37 
35 
43 
3*3 

107  and  338 

373 
72 

205 

22*0 

117 

3' 2 
10*6 ;  A  also  doi 

2-8 
18-3 

36 

H 

12  and  20 

4*6  and  217 

21 

2*2  and  60 
8-5 
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No. 

Ster. 

E.A.  1870. 

DeoL  1870. 

Maiff. 

Distance  and  Notes. 

»S4 
X55 

156 
>57 

158 

159 
160 

(Aquarii 

8  Cephei 

8  Lacertae 

7  PiBcis  Australii     . . 
8046  B.A.G.  Gruis  .. 
107  Aquarii 
<r  CassiopeisB     .. 

h.  m.     1. 

33     33          y 

aa  34  ao 

"  30    5 
33  45  18 

a»  59  43 

n  39  »5 
a3  6«  24 

0        / 

—  0  41*1 

+  67  46*0 

+  38  577 
-33  337 

-51  aS'a 

—  19  34*1 

+  55     1-8 

4  and   4J 
4*  and  7 

6J.6J,ii.io 

5  and  8 
7  and   7j 

6  and   7} 
6  and  8 

// 

3*4 
4» 

two  nearest,  33 

»i 

8 

6-6 
3'i 

Chap.  VIII.]      A  Catalogue  of  Celestial  Objects.  567 


PAKT   II.— CLUSTERS   AND    NEBULiE. 

Many  clusters  and  nebulsB  are  visible  in  small  telescopes^  which 
cannot  fairly  be  grasped  by  such  instruments.  The  largest  and 
brightest  only  have  been  selected  for  insertion  in  this  list ;  and  it 
may  as  well  be  stated  at  the  outset^  that  many  of  them  will  be 
found  disappointing  with  apertures  below  5  inches.  Abundant 
light  and  (g^eneraUy)  low  magnifiers  are  essential  requisit.es  for 
the  satisfactory  examination  of  all  kinds  of  clusters  and  nebulse. 

In  the  column  of  Synonyms — 

H  refers  to  Sir  John  Herschel^s  new  great  Catalogue  of  1864. 

y        „        Sir  WiUiam  HerscheFs  Catalogues. 

h         „       Sir  John  HerscheFs  old  Catalogue. 

M       y,       Messier's  Catalogue. 

S         „        Smyth^s  Bedford  Catalogue, 

!  denotes  a  fine  object. 

! !        »     a  very  fine  object. 

! ! !       „     a  very  remarkable  object. 

The  notes  are  partly  selected  and  partly  original,  but  those  who 
are  accustomed  to  observe  clusters  and  nebulae  will  be  well  aware 
how  different  are  the  impressions  conveyed  by  the  same  objects  to 
different  observers  using  telescopes  of  different  capabilities.  In  the 
preparation  of  the  entire  list  I  have  been  greatly  aided  by  my 
relative,  Mr.  P.  Brodie,  F.R.A.S.,  of  Uckfield,  Sussex. 


The  Starry  Hmvau.  [Bom  VI. 

CATALOGUE  OP  CLUSTEBS 


So. 

Brnonym  to  nrioua  (MslofiKiL 

B.A.>»J». 

Dm1iS]>. 

H 

V 

b 

H 

8 

k.  B.   •■ 

47TWIOMI   ..III 

B> 

»3" 

oiS  14 

-7»  48' 

ii6 

SO 

3( 

»4 

«35  3« 

+  40  33B 

Curiopsu     ..      .. 

i» 

78*iiL 

I* 

*S 

03s  S4 

+  61     4-6 

4  J  OotaB      ..      --      !l 

■38 

1    T. 

61 

3f> 

041     7 

-»6    0-4 

i«5 

»3St 

046JS 

-74    33 

Toncttn 

■93 

>375 

■- 

OS7  49 

-71  3>-7 

C«U.pd.     ..      .. 

34' 

..1        116 

103 

S3 

1  14  39 

+  60    i-o 

TriMguIum  ..       1 

35) 

17  ».         '    «3' 

33 

S7 

.  .630 

+ 19  59-3 

OMriopeU      ..      .. 

391 

31  ri. 

66 

I  37  "o 

+  60  354 

Feneiu..      ..    VA 

S" 

33  Ti.         1     "7 

9' 

»    9  S7 

+  5631-9 

Peneui 

58* 

-        ■■       ,    "4fl 

34 

106 

«  33  41 

*4»  '3-» 

Eriduiuf.        ..      .. 

73  > 

iSi* 

3  »8  4' 

-36  34-S 

flT.uri 

'4» 

3  39  46 

+  »3  4»-9 

7T«uri 

'M 

4  la  11 

♦  IS  18-7 

Colnml*       ..      .. 

1061 

«77T 

" 

5    9  49 

-40  ..-6 

A„rig. 

1119 

38 

)04 

5  >9  57 

*3S  43« 

NubocuU  Mnjur    ! 

G  >4    0 

-69  35< 

Taurus  

"57                                   357 

I 

111 

5  '640 

+  31  55-j 

Auriga 

1166         .,         ..            3S8 

3« 

tI4 

6  »7  43 

+  34    3-0 

Dor»do 

iiSi   1                               1678 

5  >8  3> 

-66  19-8 

Orion     .,      ..I!! 

"79                                   360 

4) 

lie 

S  «8  53 

-  S  >8  7 

Orion     

"84         ..         .. 

367 

117 

5  «9    6 

-  416-4 

»3 

SoDonulaB  ..   ni 

,.69         ..         .. 

194 1 

53936 

-69  .o-o 

*4 

Auria»..      ..      1! 

1)95 

369 

37 

«30 

G  4346 

-3>  306 

)S 

Gcmipi 

13601       ..         .. 

377 

3S 

»36 

6    0  49 

+  H  M7 

)6 

Orion      

136,  ;        14  viU. 

379 

"38 

«     I     7 

+ 13  s8-3 

»7 

Cuiii  Major..      .. 

.454         ..         .. 

4" 

41 

»65 

641  16 

-»  3fi-6 

)S 

Mcinocenw     . . 

1483 

4"S 

SO 

176 

6564- 

_  8    9.« 

'9 

ConigMftjor..      .. 

1S"» 

u  vii. 

44i> 

184 

7  11  50 

-15  »4'4 

30 

ArgoNaviB  ..      .. 

1551 

38  vUi. 

4S9 

196 

7  30  37 

-14  l.B 

31 

ArgoNivi 

1564 

4«3 

46 

301 

7  35  51 

-14  31-1 

3' 

ArgoNavia  .,      ,. 

'S7I 

3098 

93 

307 

7  39    4 

-J3  34-1 

33 

ArgoNaris  ..      .. 

'893 

3  "03 

7  4740 

-38  .r7 

M 

Argo  Nftvifl  . . 

i6lg 

3111 

73611 

-6030-8 

35 

Argo  NaTis  .. 

1636 

3117 

8     649 

-48  5J-8 

Chap,  vm.]     A  Catalogue  of  Celestial  Objects. 
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Na 


Description. 


I 

2 

3 

4 
5 


7 
8 

9 

lO 

I 

a 

3 

4 
5 

6 

7 
8 

9 
ao 

I 
a 

«3 

4 


6 

7 
8 

9 
30 

31 
3« 
33 
34 
35 


rSuperb  globuUr  cluster,  15'  to  10'  in  diameter.    Central  stars  pale  rose  colour ;  outer 
\    ones  white. 
The  great  nebula  ;  an  elongated  ellipse  a^  long. 

Loose  cluster  of  small  stars,  4-way  from  7  to  «r. 

{One  of  the  finest,  though  £ftmt,  elliptic  nebulae,  30'  long,  5'  wide  d:  :   some  small  stars 
involved. 
Visible  to  the  naked  eye. 

A  highly  condensed  cluster,  4'  in  diameter. 

A  fine  field. 

Large  roundish  fisdnt  oval  nebula,  40'  in  diameter  d: ;  resolvable  into  stars. 

A  fine  field. 

The  magnificent  double  cluster  in  the  sword-handle  of  Perseus  :  stars  7  to  14  mag. 

A  fine  group  of  rather  large  stars. 

An  oval  and  possibly  spiral  nebula. 

The  Pleiades. 

The  Hyades  :  a  scattered  group  of  rather  large  stars. 

Bright  globular  cluster,  3'  in  diameter. 


Cruciform  cluster.     In  same  field,  30'  South,  is  39  1^  vii. 

Visible  to  the  naked  eye. 

The  **  Crab  *'  nebula.    Large  elliptical  nebula,  resolvable  into  stars. 

A  neat  cluster  of  9  to  xi  mag.  stars,  near  M  38,  with  double  star  in  field,  disU  I  a". 


Mags.  8  and  0. 
Large  and  bright  oval  nebula. 

{The  great  nebula  in  Orion,  with  sextuple  star  involved.    The  most  magnificent  of  the 
nebulsB. 
A  brilliant  field,  x^'K.  of  $, 

Very  large  and  irregular  nebula. 

Very  beautiful  compact  cluster  of  small  stars. 

{Fine  large  cluster  of  9  to  x6  mag.  stars.    In  same  field  to  the  N.  is  a  neat  cluster  of  small 
stars,  X7  ]^  vi. 

/Loose  cluster  in  the  form  of  a  trapezium,  containing  a  pair  of  mags.  7|  and  8|,  aV'&IM^* 
i     i^S-ofy. 
Large  scattered  cluster,  4°  below  Sirius. 

Cluster ;  rather  more  than  ^  from  Sirius  to  Prooyoxu 

line  large,  though  loose,  cluster  of  small  stars,  9  to  x  a  mags. 

Bright  neat  cluster,  with  double  star,  8"  dist.    A  bright  orange  star  precedes. 

Large  loose  cluster  of  small  stars,  8  to  13  mag.,  with  hint  planetary  nebula  involved. 

Neat  cluster  of  small  stars,  8  to  13  mag. 

Superb  cluster,  ao'  in  diameter. 

Cluster  of  aoo  or  more  stars,  visible  to  the  naked  eye* 

Imrge  loose  duster,  fully  ao'  in  diameter. 
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Ka   Name  or  Oomtellatkin. 


36 

37 
38 
39 
40 

4« 
43 
43 
44 

45 

46 
47 
48 
49 
50 

51 
5« 

53 

54 
55 

56 

57 

58 

59 
60 

61 

9» 
63 
64 
65 

66 

67 
68 
69 
70 

71 

7« 


MonooeroB 
Ouioer  .. 
Cftnoer  .. 
Leo 
Argo  Nayifl  . 

Una  Major  . 
Una  Major  . 
Aiigo  Navii  . 
SextaDB . . 
Hydra    . . 

If  Argiifl 
Leo        ..      . 
Leo        ..      . 
Argo  Navis  . 
Um  Major  . 

Una  Major  . 
Leo 

Virgo  . .  . 
Ursa  Major  . 
Virgo     ..      . 


Coma  Berenicis 
Virgo  .. 
Viigo  .. 
Coma  Berenicis 
Canes  Venatici 


Virgo  .. 
Canes  Venatici 
ft  CruciB.. 
Coma  Berenicis 
Coma  Berenicis 

Canes  Venatici 
m  Centauri 
Canes  Venatici 
Canes  Venatici 
Libra 


Scorpio  .. 
Scorpio  • . 


!!! 


I! 


Bynonjm  in  Tarious  OstaloKues. 


!!! 


!! 

•  • 

!!l 
!!! 
'! ' 

•  «  • 
«  •  • 


H 

1637 
1681 

x7ia 

1863 

1881 

1949 

>950 
2007 

aoo8 

3ioa 

ai97 
aao3 

130' 
1308 
1318 

«343 

3377 
3838 

2841 

3930 

2946 
3021 

3049 
3106 

3x65 

318a 

3«58 

3^75 
3331 

3453 

3474 
3531 
357« 
3636 

4083 

4173 
4183 


V 
aa  vi. 


67  i. 


79  iv- 

163  t 
a7  iv. 

17  i. 
13  i 

»  • 

46  V. 


43  V. 


a4  ▼. 
4a  ▼. 


h 

M 

S 

496 

•  • 

318 

617 

44 

3^1 

531 

«7 

339 

6046 

•  • 

362 

3179 

•  • 

•  • 

649 

81 

369 

•  • 

8a 

369 

3aa4 

•  • 

668 

373 

3*48 

378 

3*95 

•  • 

757 

.. 

818 

39« 

3315 

•  • 

831 

400 

838 

97 

402 

857 

66 

410 

"73 

99 

•  • 

"75 

•  • 

441 

"37 

84 

•  • 

1242 

85 

•  • 

"94 

49 

447 

131a 

88 

448 

1357 

45a 

1397 

•  • 

•  • 

1408 

60 

457 

MS6 

94 

459 

3435 

•  • 

•  • 

i486 

64 

467 

1558 

53 

474 

1570 

63 

476 

3504 

•  • 

•  • 

i6aa 

51 

484 

X663 

3 

49a 

1916 

5 

538 

3^H 

80 

664 

•• 

4 

569 

R.A.I870. 

h.  m.  a. 
8  7  19 

8  3>  45 

844  7 

9  «4  50 
9  30  39 

9  44  39 

9  44  43 

9  58  30 

9  58  44 
o  18  31 

o  40  o 
o  40  56 

o  69  9 
o  59 

3  38 

7  9 
13  19 

13  11 
12  31 

18  a8 

18  49 
23  9 

«5  H 
29  53 
35  51 

37  4 

44  45 

45  57 
50  ao 

3  6  31 

3  9  58 
3  18  59 

3  ^4  >o 
3  36  7 

5  "  57 

6  9  17 
6  15  40 


DaeLi87Q. 


-  5  »4-3 
+  20  25*3 

+  12  17*2 

+  aa  4-6 

—46  ai*6 

+  69  410 
+  70  23-0 

-59  «97 

-  7  5*4 
-17  589 

-58  59-9 
+  13  157 
+  o  39*8 
-57  58a 
+  56  aa-o 

+  55  43-7 

+  13  41-4 

+  15  8-6 

-t-  48  0*9 

+ 13  365 

+ 18  54-5 
4-  8  42*9 
+ 15  8a 
+  26  42*2 

+  33  15*3 

+  12  x6*i 
+  41  50-2 

-59  386 
+  aa  33-5 
+  18  51-8 

+  4*  43*1 
-46  38*0 

+  47  51-8 
4-29  i'9 
4-  2  34*6 

-  la  39*1 
— a6  ia-6 
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36 
37 
38 

39 
40 

41 

4' 
43 
44 
45 

46 
47 
48 

49 
SO 

51 
5a 

53 
54 

55 

56 

57 

58 

59 
60 

61 
6a 

63 

«4 
65 

66 

67 
68 

«9 
70 

71 
7« 


Description. 


Loose  bright  cluster  of  stars,  9  to  13  mug. ;  doable  star  in  centre  4"  dist. 

The  fine  cluster  *'  Prsosepe." 

Large  cluster  of  small  stars,  10  to  15  mag. 

Large  oval  double  nebula,  /  long,  5'  wide  +  ;  one  of  the  spiral  nebulae. 

Large  rich  cluster,  upwards  of  i"  in  diameter. 

Bright  elliptical  nebula,  15'  long,  6'  wide  d:.    In  same  field  is  M  8a. 

Long  narrow  nebula,  a  bright  ray,  /  long,  i'  wide  d:,  in  same  field  as  M  81. 

Large  loose  duster. 

Long  narrow  nebula,  5'  long,  40"  wide  ±  ;  a  flashing  stellar  nucleus. 

Very  bright  planetary  nebula,  3  a"  diameter ;  bluish. 

A  yeiy  large  and  remarkable  nebula.  •        *        « 

The  centre  one  of  a  cluster  of  5  small  nebube.  «        « 

Large  oval  nebula  with  a  stellar  nucleus.  ^' 

Large  scattered  cluster. 
Very  elongated  fiiint  nebula,  with  a  star  in  its  centre. 

Large  planetary  nebula,  3^  to  4'  diameter. 

A  roundish  oval  nebula,  4^'  long.     In  same  field  is  M  65,  a  small  nebula. 

Large  resolvable  nebula  :  3-branched  spiral  {Rosse), 

Large  bright  elongated  nebula,  with  stellar  nucleus. 

One  of  a  group  of  10  small  nebulae,  all  close  together. 

Bound  nebula ;  with  attentive  gaze,  binudear ;  rather  faint. 

Bound  bright  nebula,  which  becomes  suddenly  much  brighter  in  the  centre. 

Large  elliptical  nebula,  rather  fiunt. 

Very  long,  very  narrow,  nebula.     A  ray  ao'  long  d:. 

Very  elongated  nebula,  rather  fi^int,  15'  long  ±,  with  a  star  close  to  its  edge  in  the 
centre  of  its  length. 

Small  double  nebuUh,  forming  a  triangle  with  a  other  small  faint  nebulae.    ^  ^« 

Bright,  large,  round  nebula  ;  resolvable.     Much  brighter  in  centre. 

Bich  loose  cluster,  containing  many  coloured  stars. 

Very  large,  bright,  elliptical  nebula,  with  stellar  nucleus. 

Very  large,  very  fine,  globular  cluster  of  la-mag.  stars  ;  3'  diameter  ;  very  compressed. 

Large  oval  nebula ;  rather  faint,  with  small  brightish  nudeus. 
Fine  globular  cluster. 

Remarkably  singular  double  neb.,  the  larger  6'  diam.  ±,  and  ring-shaped.     Spiral  neb. 

rery  superb  globular  duster  of  i  i-mag.  stars,  very  condensed ;  brighter,  but  not  so  largi 
as  M  13. 
Very  bright  superb  globular  cluster  of  stars,  11  to  15  mags. ;  very  compressed. 

Globular  duster  of  i4-mag.  stars  {EerBchd) :  a  round  bright  nebula  in  ordinary  telescopes 
Bather  loose  duster,  compressed  in  centre  :  a  line  of  bright  stars  through  the  centre. 
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»I6S 
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No. 


73 
74 

75 

76 

77 
78 

79 
8o 

8i 
8a 

83 
84 
85 

86 

87 
88 

89 

90 

9» 
92 

93 
94 
95 

96 

97 
98 

99 
100 

lOI 

loa 

103 
104 

105 

106 
107 
Z08 
109 


Description. 


Large  round  mass  of  star  dust     A  globular  cluster ;  £unt. 

Large  superb  globular  cluster  of  stars,  1 1  to  ao  mags.    One  of  the  finest  of  its  class. 

Small  bright  planetary  nebula,  8"  diameter.    Cobalt-blue  colour. 

Fine  globular  cluster  of  small  stars,  lo  mag.,  much  compressed. 

Fine  large  globulfur  cluster  of  small  stars,  lo  to  15  mags.,  much  compressed. 

Large  bright  globular  cluster  of  very  small  stars,  14  to  16  mag. 

Bright  globular  cluster  of  very  small  stars,  16  mag.,  very  compressed. 

Bright  globular  cluster  of  small  stars,  14  mag.,  2'  diameter  d:. 

Magnificent  globular  cluster  of  small  stars,  condensed  in  centre. 

Globular  duster. 

Fine  large  globular  cluster  of  small  stars,  15  to  16  mags.,  4'  diameter  i:. 

Large  group  of  bright  stars,  closely  n  /  /9.    B.  A.O.  601  a. 

Bich  and  prominent  group. 

Singular  trifid  nebulous  mass,  mixed  with  an  open  cluster  of  stars. 

Fine  irregular  cluster.    A  pretty  low-power  field. 

fBrilliant  small  planetary  nebula,  cobalt-blue  colour  ;  stellar  nucleus  ;  flashing  light ;  very 
\    singular.    Gaseous  (t). 

Globular  cluster  of  small  stars,  15  mag.,  in  a  superb  field  of  stars. 

A  loose  cluster  with  nebulous  background. 

Very  rich  field. 

The  **  Horse- shoe  '*  nebula.     Tn  ordinary  glasses  more  the  shape  of  a  swan. 

A  globular  cluster  of  small  stars,  14  to  16  mags.     An  orange  star  precedes. 

Fine  large  globular  cluster  of  stars,  1 1  to  15  mags. 

Exceedingly  beautiful  aggregation  of  small  stars  of  about  1 1  mag. 

The  annular  nebula  in  Lyra,  midway  between  3  and  7. 

In  a  fine  field  ;  a  globular  cluster  of  small  stars,  1 1  to  14  mags.,  3'  diameter. 

Very  curious  round  nebula,  2cf'  diameter  :t,  with  stellar  nucleus.     Similar  to  No.  88. 

Cluster  of  small  stars,  1 1  to  16  mags.,  3'  diameter  :L 

The  **  Dumb-beU  **  nebula  ;  oval  in  shape  ;  major  axis  9'  long,  minor  axis  5'  :t. 

Large  mass  of  very  small  stars,  3'  diameter.     A  globular  cluster. 

Small  bright  planetary  nebula,  stellar  nucleus,  blue  colour.     Similar  to  No.  88. 

Fine  globular  cluster  of  very  small  stars,  5'  diameter  d:,  much  compressed  in  centre. 

Fine  globular  cluster  of  very  small  stars,  5'  diameter  ±. 

Globular  cluster  of  small  stars,  i a  to  16  mags.,  a'  diameter  d:,  rather  faint. 

A  magnificent  field  of  stars. 

An  irregular  cluster  of  stars,  9  to  13  mags. 

A  very  bright  planetary  neb.,  1 2"  diam.  ±. ;  cobalt-blue  colour ;  flashing  light.   Gaseous  (?). 

A  superb  cluster  of  small  stars  and  star  dust,  1 1  to  18  mags. 
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PART   III.— MISCELLANEOUS    OBJECTS. 


The  following  list  contains  objects  not  within  the  scope  of  the 
two  foregoing  sections;  to  wit^  coloured  and  variable  stars  of 
tolerable  magnitude  and  short  period : — 


No. 

NUIM). 

ILA.X870. 

DecL  1870. 

!!■«. 

Notes. 

h.   m.    ■. 

0       / 

I 

¥t  in  Sculptor  . . 

I   21     I 

-33  «3-4 

6 

Beautiful  orange-red  star. 

a 

*  in  CetuB 

207 

+  0  494 

7 

Reddish  star. 

3 

1 
0  Ceti         . .      . . 

2  12  47 

-  3  341 

▼ar. 

[Max.  mag.  2  ;  generally  invisible  at 
minimum.  Period,  33i<'.  Epoch  of 
[    max.  1866,  Feb.  17. 

4 

a  Ceti 

2  55  28 

+   3  347 

H 

Tine  orange  star,  with  a  blue  com- 
\    panion. 

5 

fi  POTBOi 

2  69  41 

+  40  27-2 

var. 

Max.  mag.  2 ;  min.  4 ;  period,  2^  2o|^. 

6 

*  in  Auriga 

4  43  " 

+  28  18*2 

8 

Red  star. 

7 

S  Loporis         .. 

4  53  41 

-15    i-o 

var. 

jMax.  mag.  7 ;  min.  and  period  un- 
\    known  :  an  intense  crimson. 

8 

*  in  Pictor 

5  39  37 

-46  309 

8 

Vivid  red  star. 

9 

*  in  Gemini 

6  18    0 

+ 14  47*5 

7 

Golden-yellow  star. 

lO 

ai39B.A.C.Aur. 

6  «7  33 

+  38  327 

6 

Orange  star. 

II 

*  in  Canis  Major 

7  17  38 

-^5  307 

7 

Red  star. 

la 

R  Leonis  . . 

9  40  34 

+ 12     1-8 

var. 

fMax.  mag.  5 ;  min.  10  ;  period,  324** : 
\    a  ruby  star. 

13 

4874  Brisb.  Anil 

10    6  II 

-34  409 

7 

Scarlet  star. 

14 

363oBA.C.Antl. 

10  29  26 

-38  53*5 

6* 

Extreme  orange  star. 

15 

^  in  Crater 

10  64    9 

-17  37-5 

8 

■'Intense  scarlet  star;  follows  a  42^* 
\    andi'S. 

i6 

^  in  Cruz  .  • 

"  39  49 

-58  690 

8* 

rintense  blood-red  star ;  in  the  field 
\     with  fi  Cnicis,  a  white  star. 

17 

^  in  Bootefl 

14  18  12 

+  26  i7'9 

7i 

Vivid  red  star. 

i8 

0  Librae     . . 

15  10    0 

-  8  64'a 

H 

Beautiful  pale-green  star. 

19 

*  in  Apus 

15  II  46 

-75  a  7*5 

7 

Very  high  red  star. 

30 

a  Scorpii    . . 

16  21  25 

-26    8*5 

I 

Fiery-red  star. 

31 

^  in  OphiuchuB 

17  51  Zi 

+   a  44*3 

7* 

Very  fine  orange  star. 

32 

^  in  Sagittarius 

19  26  61 

-16  39-2 

7 

Deep  scarlet  star. 

as 

1}  Aquilse  .. 

19  46  SI 

+  0  40-4 

var. 

(Max.  mag.  3*6 ;  min.  4*4 ;  period, 
1    7*i8». 
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Na 

Name. 

R.A.  1870. 

Decl.  1870. 

Ma«. 

Notes. 

«4 

*)(  in  Sagittarius 

h.    m.    1. 
19  58  58 

0       / 
-37  357 

7* 

Fine  ruby  star. 

35 

*)(  in  CapricomuB 

10    9  a8 

-ai  439 

H 

Pure  ruby  star. 

a6 

*  in  Indus 

ai  la  17 

—  70  1 6*9 

6 

Buby-orange  star. 

J7 

^  in  Cygnns    . . 

ai  38  58 

+  37  161 

8* 

Extremely  intense  ruby  star. 

a8 

aSsPXXTCephei 

"  39  31 

+  58  in 

var. 

fMax.  mag.  3 ;  min.  6 ;  period,  5  or  6 
\    years :  "  very  fine  deep  garnet." 

a9 

8  Cephei    .. 

aa  24  7o 

+  57  45-0 

var. 

fMax.  mag.  3*7;   min.  4*8;   period, 

I  5-36*. 
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CHAPTEK   IX. 

A  CATALOGUE  OF  VARIABLE  STARS. 

TN  the  Astronomical  Register  for  August  1864  I  published  a 
-^  Catalogue  of  Variable  Stars^  based  upon  the  latest  information 
accessible  to  me  j  this  catalogue  was  copied  into  the  Astronomische 
Nachrichtetij  the  Wochenschrift  fur  Astronomie  und  Meteorologie,  and 
the  Rev.  W.  A.  Darby's  Astronomieal  Observer,  It  afterwards 
appeared  in  a  revised  form  in  the  Monthly  Notices.  The  publicity 
thus  attained  had  the  important  effect  of  drawing  forth  from 
various  sources^  including  two  distinguished  foreign  observatories^ 
a  considerable  number  of  substantial  additions  and  corrections. 

As  regards  the  catalogue  itself^  the  headings  of  the  columns  are 
sufficiently  explicit,  and  it  is  only  necessary  to  state  that  the 
symbol  <  signifies  that  the  star's  minimum  magnitude  fell  below 
that  given,  but  how  much  is  unknown. 

In  the  catalogue  in  its  original  form,  following  precedents  set 
by  previous  writers,  I  included  various  stars  strongly  suspected  to 
be  variable,  but  which  had  never  been  proved  so  by  anything 
like  systematic  and  rigorous  observation.  At  the  suggestion  of 
M.  Schonfeld  these  stars  have  been  detached  from  the  main  body, 
and  (with  others)  have  been  formed  into  a  sub-class  by  them- 
selves; that  this  is  a  reasonable  alteration  will  hardly,  I  think, 
be  doubted  j  some  of  them  probably  \>'ill  ere  long  have  to  be 
transferred  back  to  the  main  catalogue. 

Argelander's  nomenclature  has  been  followed,  but  it  is  manifest 
that  it  is  a  very  crude  and  unsatisfactory  one,  and  at  no  very 
distant  period  will  have  to  give  place  to  something  more  artistic. 
Perhaps,  on  the  whole,  simple  cardinal  numbers,  representing  the 
order  of  discovery,  with  the  syllable  "  var.''  and  the  name  of  the 
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constellation  appended^  would  be  the  most  convenient  and  manage- 
able system;  ^.^.  ''154  var.  Andromedse/' 

I  must  not  close  this  introduction  without  acknowledging  the 
important  assistance  derived  from  the  communications  of  Mr.  J. 
BaxendeD,  P.R.A.S.,  of  Manchester,  M.  Schonfeld,  of  Mannheim, 
and  Dr.  Schjellerup,  of  Copenhagen. 

PART  I.— STARS  KNOWN  TO  BE  VARIABLE. 


No. 

Star. 

&A.1870. 

Denl.  1870. 

Period. 
Days. 

Change  of 
ICflgnittide. 

Authority. 

b.  m.   ■. 

0      / 

From 

to 

I 

R  Androm. 

0  17  la 

+  37  51-3 

•  •  • 

6 

Argelander 

i860 

^ 

B  Caseiop.    0  17  36 

+  <53  H'B 

•  •  • 

•  •  • 

■  •  • 

Tycho  Brahe 

157a 

3 

T  Piscium     0  15  16 

+ 13  5a-9 

143  ± 

9'5 

11 

R.  Lather 

1855 

4 

a  Oasdop.      0  33    9 

+  65  494 

791 

a 

rs 

Birt 

1831 

5 

U  Pifloium    0  37  35 

+  <5  353 

•  •  • 

9 

ia< 

Hind 

6 

SCaadop. 

I  10    8 

+  71  55-6 

•  •  • 

i3< 

Argelander 

7 

SPifldnTn 

X  10  46 

+  8  137 

iy± 

9 

i3< 

Hind 

1851 

8 

RPisoium     i  33  56 

+   a  ia*6 

346 

7 

9*6 

Hind 

1850 

9 

V  Piflcium     I  47  30 

+  8    8-5 

•  •  • 

6 

9 

Argelander 

1863 

10 

S  Anetb 

I  57  40 

+  11  541 

•  •  • 

9 

i3< 

C.  H.  Peters 

1865 

II 

R  Arietis 

a    8  44 

+  a4  a7-i 

186 

8 

ia< 

Argelander 

1855 

la 

oCeti 

a  la  47 

-  3  341 

33i*33<5 

a 

ia< 

D.  Fabricias 

159^ 

13 

p  Peraei 

a  56  51 

+  38  ao-i 

33 

4 

Schmidt 

14  'iSPenei 

«  59  43 

+  40  a7*a 

a -867  a  7 

a-5 

4 

Montanari 

1669 

15 

RPenei 

3  «i  47 

+  35  I3*a 

419 

8-6 

I3< 

Schonfeld 

1861 

16 

XTauri 

3  53  ^9 

+  ia     7*3 

3-95a 

4 

4*5 

BaxendeU 

1848 

17 

UTauri 

4  14  16 

+ 19  30*a 

•  •  • 

9 

IO-4 

Baxendell 

1 86a 

18 

TTauri 

4  14  as 

+ 19  i3'5 

•  •  • 

97 

i3*5< 

Hind 

19 

RTanri 

4  ai  10 

+  9  5^2 

3*7 

8 

i3*6< 

Hind 

1849 

ao 

STauri       '  4  la    5 

+   9  39*4 

375 

10 

i3< 

Oudemans 

a.  This  is  the  celebrated  temporary  star  obsenred  by  l^cho  Brahe.  D' Arrest  has 
noticed  a  suspicious  star  close  to  this  place. 

4.  J.  F.  Schmidt  says  he  can  detect  not  the  least  trace  of  variability,  though  he 
has  kept  watch  on  the  star  for  many  years. 

5.  Hind  says :  **  Certainly  yariable  from  9^  mag.  to  below  la'^  mag. ;  generally 
of  the  11*5  mag.**  Notwithstanding  this  clear  and  unequivocal  testimony,  both 
Schjellerup  and  Schonfeld  oppose  its  admission  into  the  list  of  recognised  variables, 
and  unreasonably,  as  I  think. 

I  a.  Schmidt's  latest  period  is  330  days  exactly. 
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No. 

MUur. 

&A.1870. 

Ded.  187a 

Fraiod. 

Change  of 
Magnitude^ 

Anfthatity. 

h.  mu   ■. 

•     / 

Dajt. 

Fioin 

to 

ai 

R  Ononis 

4  51  65 

+   7  557 

378 

9 

ir$<z 

Hind            1848 

aa 

ff  AurigB 

4  5»  38 

+  43  37*7 

250 

3-5 

4*5 

Heb             1846 

>3 

RLeporU 

4  53  41 

—  15      0*3 

4" 

7 

Schnudt       Z855 

«4 

ft  Donuliia 

5     5  47 

-61    584 

long. 

5 

9 

MoeaU        1865 

n 

R  Auriga 

5    648 

+  63  36-1 

... 

•  •  • 

•  •  • 

Argelander 

a6 

a  Orionia 

548    8 

+    7  22-8 

196  ± 

I 

1-5 

J.  Herachel  1836 

«7 

R  Monooer. 

6  33    4 

+  8  50-9 

•  •  • 

10 

13 

Schmidt 

18 

(Gkminomm 

6  56  34 

+  30  46-6 

I0'i6 

3-8 

4*5 

Schmidt       1847 

«9 

R  Geminor. 

6  59  33 

+  32   54*1 

370 

73 

II 

Hind            1848 

30 

RCan.  Min. 

7     I  33 

+  IO  13-6 

339 

8 

10 

Argelander  1854 

31 

SCaniaMin. 

7  35  39 

+   8  35-6 

335 

Th  »3< 

Hind           1856 

33 

S  Geminor. 

7  35  14 

+  33  45*3 

39407 

92 

I3*5< 

Hind            1848 

33 

T  Geminor. 

7  41  30 

+  34    3*3 

288-64 

9*5  »3-6< 

Hind            1848 

34 

U  Grominor. 

7  47  33 

+  33  20-5 

97 

9 

I3'5< 

Hind            1848 

35 

RCancri 

8     9  24 

+  13     TA 

359 

6 

10  < 

Sohwerd      1829 

36 

U  Cancri 

8  18  19 

+  19  20*5 

306 

9 

13*5  < 

Chacomac 

37 

S  Cancri 

8  36  30 

+ 19  30*0 

948 

8 

io-6 

Hind            1848 

38 

SHydTBB 

8  46  47 

+   3  33*5 

356 

8-5 

13*5 

Hind            1848 

39 

T  Cancri 

8  49  14 

+  ao  207 

455  i: 

95 

12 

Hind            1850 

40 

T  Hydras 

8  49  ao 

-  8  387 

292  or  326^ 

6-5 

IO-6 

Hind            185 1 

41 

a  Hydr» 

9  11   13 

-  8    6-9 

65 

35 

3 

J.  Herachel  1837 

4* 

R  Leon.  Min. 

9  37  46+35    65 

xyear^. 

II 

Schonfeld     1863 

43 

R  Leonia 

9  40  34 

+  ia     1*8 

331 

"•6 

Koch            178a 

44 

RUrsffiMaj. 

10  35  35 

+  69  27*4 

301*90 

13 

Pogson         1853 

45 

1?  ArgCla 

10  40    a 

-69     0*1 

46  yeara 

4 

Burchell       1827 

1 

S  Leonia 

"     4     7 

+  6  xo'i 

192 

9 

13 

Chacomac 

23.  Thia  ia  Hind*a  celebrated  "  crimaon  atar."  It  well  deeervea  all  that  has  been 
said  of  it,  for  it  ia  a  truly  remarkable  object.  In  1855  Schmidt  reported  it  to  be 
saining  light  and  loaing  colour:  when  I  laat  aaw  it,  however,  on  Jan.  4,  1865, 
ita  colour  waa  aa  deep  a  ruby  aa  well  could  be  ;  and,  gauged  by  Dawea*a  method,  ita 
magnitude  waa  9}. 

26.  See  note  to  a  Casaiopein. 

27.  Thia  ia  the  well-known  variable  of  Schmidt  which  ia  In  combination  with  the 
nebula  2  ^.  IV.    (See  A$l.  Nach,  1302,  April  6,  1861.) 

41.  See  note  to  a  Caadopeis. 

43.  **  A  fine  rich  ruby  atar.*'    (MS.  Jan.  ao,  1865.) 
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No 

Btv. 

B.A.  iSTo, 

Deel.  .S7-. 

Pwiod. 



CbMgBQf 

JUgnitude. 

AuthoritT. 

h.  m.    •. 

y«m 

w 

47   U  L««U 

11  3"  47 

+   4    S-5 

... 

10 

I4< 

C.  H.  Fetera  1865 

48 

RConuBBer. 

"  S7  3S 

+  19  30'3 

iyew± 

J3< 

49 

T  Virginia 

..    7S6 

-  S  "8-7 

337 

I3< 

BoguBlawski 

SO 

T  Dns)  Mftj. 

I130  13 

-f6o  111 

"S7 

67 

I3< 

ArgeUnder 

SI 

EVirginU 

"  31  54 

+   7  41-J 

146 

frs 

IK 

Harding         1809 

S" 

SUnaMftj. 

..  38  IS 

+  6i  483 

111-6 

7'5 

IK 

Pogson           1853 

S3 

U  VirginU 

"  44  30 

+   6  ,5-7 

ail 

7-5 

ll< 

Hirdirg 

54 

Y  Virginia 

13  19  »8 

-   ]  4JI 

8-5 

10 

Schonfeld       r8« 

SB 

V  Virgin!. 

.3»-     fi 

-   2  tyj 

151 

GotdacLmidt  1857 

56 

R  (»)  Hyd» 

13  »*  37 

~«  3fr4 

447-8 

.o<; 

J.P.Ma™idii7»4 

57 

S  Virginia 

13  16  13 

-  6  314 

3801. 

11 

HlDd              tSj) 

S8 

ZVii^nis 

'3  >7  45 

-u  317 

8 

Schmidt         1866 

59 

TBooO. 

14    8    0 

+  "9  40-5 

97 

'4< 

60 

SBo5ti< 

14  18  31 

+  54  »4a 

.1 

At^eliuider    iSSo 

61 

E  Camelop. 

U  »7  3S 

+  84  ,si 

»6s 

J  3 

Winnecke 

61 

EBodtia 

14  3»  »7 

+  a7  18-1 

196 

11 

ArgeJander 

63 

tJBodtia 

14  34  48 

+  18     1-4 

9-5 

13 

Buendell       1864 

64 

aUbrm 

14  S4    ^]-  8    °-' 

6-98 

Sobmidt 

65 

SSerpentii 

IS  "5  34: +  '4  470 

3S9 

IO< 

iUrdiug          1818 

66SCoron» 

IS  16    eUji  sa-i 

6-5 

Hencke          18S0 

67  '  R  Corooee 

"5  43  IJ ' * '8  335 

350 

13< 

Pigott        mi 

IS  44  4>   +'S  31-8 

351 

«S 

10^ 

Harding         1816 

6g    R  Libra 

15  46  »S'-'S  50*8 

7" 

'3-S 

Pogaon            lRs8 

70  '  T  Coraur 

IS  54    ^'*>^  175 

rs 

9-8 

Benaingbuu  1866 

71    R  Hemili> 

16    0  1.1   +18  434 

310 

8-5 

'35 

7a    TSoorpii 

16    9  18  -31  390 

13-^ 

Auwen           i860 

7J    S  Scorpii 

16    9  54  -"  37-3 

648 

9 

I4< 

Chaoornao      1853 

57.  Th«  dMHaatioa  in  the  Grtmicicli  Obirrrallom  (or  1861  i«  gnwter  by  10'. 

7a.  &:baDfpld  objects  to  tliia  denignatioa  on  the  ground  that  "  i%  is  iij  no  meMil 
daar  that  the  star  belongs  to  the  fariablea  properly  no  called  ;  much  more  doea  it 
■sem  In  reseiuble  in  nsturi:  11  VulpecuUe,  Uind'a  Nova  in  Ophiuclius,  \c."  I  mn- 
fBsa  r  do  not  think  (he  objection  tenable,  mora  particularly  as  Scbbnfeld  bM  in- 
oludad  thase  two  Dbi«ota  in  nis  own  Catalogue  of  VariaUii.  (Ail.  A'arh.  1533,  April 
11,  1865^ 

73.  nie  exact  poiitloD  nf  Ihit  star  doea  not  appear  to  be  dttemuiied  with  tb« 
ftllleat  oertuot;. 

F  p  2 
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No. 

8tw. 

1 
BA.  1870. 

DecLiSTa 

Period. 

Change  of 
liagnitude. 

Authority. 

b.    m.    ■. 

0       * 

Days. 

Fioin  to 

74 

SScorpii 

x6    9  56 

-aa  343 

364 

9      '3< 

Chaoonuc      ] 

'854 

75 

U  Soorpii 

16  X4  59     -X7  345 

•  •  • 

9*5  »3-5 

PogKm           ] 

1865 

76 

U  Herculis 

x6  10    3 

+  19  11*4 

•  •  ■ 

7      »3 

Hencke          1 

« 

r86o 

77 

30  Herculis 

16  24   23      +4a   XO'I 

io6 

5       6 

Baxendell      1 

'857 

78 

TOphiuch. 

x6  76  18    — X5  51*2 

••• 

io*5  i3< 

PogKm           ] 

[860 

79 

S  Ophiuch. 

16  26  47    -16  53X 

229-3 

9'3  13  5  < 

Pogion           1 

1854 

8o 

SHerculii 

16  45  59     + 15    97 

305 

75  ia-5 

Schdnfeld       ] 

[856 

8i 

Nov.  Opl.i. 

16  52  X3     -xa  4x4 

•  •  • 

45  13-5  < 

Hind              ] 

L848 

8a 

R  Ophiuch. 

17    0  x8 

-15  55-0 

3046 

8      i3-5< 

Pogson           1 

f853 

83 

a  Heroulii 

17    8  43 

+  14  3a-4 

•  •  • 

31     3*9 

W.Hereohel  i 

'795 

84 

Nov.  Ophi. 

17  13  51 

—  ax    22*I 

... 

•  •  •         •  •  ■ 

D.  Fabrioius  ] 

[604 

85 

T  Herculis 

18    4  II 

+  31    o-o 

1647 

79  13< 

Argelander 

86 

T  Serpent. 

18  22  18 

+  6  13-0 

310 

10-5  X4< 

Baxendell      ] 

[860 

87 

USagittar. 

18  24  X4 

—  19   12'8 

6-8 

7*5    9 

Schmidt         ] 

[866 

88 

R.Clyp.Sob. 

18  40  33 

-  5  50-5 

89 

5       9 

Pigott             ] 

'795 

89 

3Lyr« 

18  45  17 

+  33  "7 

12*906 

3*5    4*5 

Goodricke      1 

1784 

90 

13  Lyr» 

18  51  a3 

+  43  466 

46 

42     4*6 

Baxendell       i 

1855 

91 

R  Aquilae 

19    0    7 

+   8    2-x 

3515 

6-5 

Argelander     i 

855 

92 

TSagittar. 

19    8  43 

—  17  II'O 

•  •  • 

8-6  I2< 

Pogson           ] 

[863 

93 

RSagittar. 

*9    9    4 

-X9  320 

465 

8      X3< 

Pogson           J 

[858 

94 

S  Sagittar. 

X9  II  49 

-19  156 

•  ■  • 

10-5 

Pogson           ] 

[860 

95 

R  Cygni 

19  33  ao 

+  49  54-5 

4167a 

8      14 

Pogson           ] 

[852 

96 

I X  Vulpec. 

19  4a  14 

+  16  59*8 

•  •  • 

•  •  •          •  «  • 

Anthelm         1 

[670 

97 

S  Vulpec. 

19  43    4 

+  16  57-9 

679 

8-8    98 

Rogerson        ] 

1837 

98 

x'Cygni 

19  45  34 

+  3a  35a 

4092 

5      i3< 

G.  Kirch        ] 

[686 

99 

71  Aquilse 

19  45  51 

+  0  404 

7x763 

3*6    44 

Pigott            1 

1784 

100 

S  Cygni 

ao    2  47 

+  57  367 

3a4 

9     i3< 

Argelander    ] 

[860 

lOI 

R  Capri  c. 

10    4    I 

-14  39*« 

«  •  « 

95  13*5 

Hind              ] 

[848 

loa 

T  Aquilie 

20    5  39 

+  15  I4'3 

i»4± 

8'9  IX '3 

Baxendell       ] 

18631 

74.  The  exact  position  of  this  star  does  not  appear  to  be  determined  with  the 
fullest  certainty.    The  declination  above  depends  on  some  Greenwich  observations. 

81.  This  is  Hind's  well-known  star  which  suddenly  blazed  out  in  Ophiuchus,  in 
the  spring  of  1848,  concerning  which  see  Month.  Not.  R.A.S.»  vol.  viii.  p.  146. 

96.  A  celebrated  "  temporary  star." 

98.  Thus  named  by  £.  J.  Stone  to  distingniah  it  from  Flamsteed's  x* 
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Na 

Star. 

R.A  187a 

Decl.  1870. 

IVsriod. 

Magnitude. 

Authoril 

h.    m.   ■. 

0      < 

Days. 

From 

to 

103 

RSagittn 

ao    8    8 

+  16  ao'o 

70-88 

8-3 

10-3 

Bazendell 

104 

S  AquUflB 

ao    8  39 

+  8  41-4 

•  ■  ■ 

9 

xa< 

Hencke 

105 

34  Cygni 

ao  13    0 

+  37  37-8 

x8y«± 

3 

6< 

Janaen 

106 

R(a4)Ceph. 

ao  a3  41 

+  88  44-0 

737-^ 

5 

XX 

Pogaon 

107 

R  Delphini 

ao  37    5 

+ 16  374 

a84 

8 

13-6 

Baxendell 

108 

SDelphini 

ao  39  ao 

+ 15  557 

•  •  • 

8*6 

la 

Baxendell 

109 

UCa{nio. 

ao  40  54 

-15  15*6 

4ao 

IX 

I3'5< 

Pogaon 

no 

T  Aquarii 

ao  4    36 

-  5  37-6 

197 

7-8 

0 

Gtoldachmid 

III 

R  Vu^poc. 

ao  58  36 

+  33  184 

X38-6 

8 

'3'5 

Argelander 

1X3 

T  Capric. 

ai  14  50 

-15  4a-6 

^74 

9 

«4< 

Hind 

"3 

S  Cephei 

ai  36  47 

+  78    a-3 

470 

8-9 

xrxa 

Winnecke 

"4 

fi  Cepbei 

«>  39  31 

+  58  ii«i 

5  or  6  y" 

4 

6 

W.Henche 

"5 

TPegaai 

aa    a  33 

+  11  54a 

•  •  • 

xo 

i3< 

Hind 

116 

SCephei 

aa  34  ai 

+  57  450 

5-3664 

37 

4-8 

Goodricke 

"7 

S  Aquarii 

aa  50    8 

—  ax     a*i 

a79'3 

8 

xx< 

Argelander 

118 

fiFegasi 

aa  57  a8 

+  a7  aa7 

3i'5or43'4 

a 

a -5 

Schmidt 

119  iRPegam 

a3    0    7 

+  9  50*6 

578 

8-5 

135 

Hind 

lao  jRAqutfii 

1 

23  37    5 

—  x6    o'3 

354or388*5 

7 

io< 

Harding 

lai 

R  Caseiop. 

23  51  49 

1 

+  50  39*9 

434-81 

6 

'4< 

Pogaon 

1 

xio.  Though  Goldachmidt  from  his  own  obeervations  announced  this 
variable  itar  in  x86i,  it  ia  bo  marked  in  Henoke's  Berlin  Star  Chart,  Hoi 
publiahed  preyiouaW. 

119.  Hiiid*8  decimation  is  less  by  39". 
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PABT  II.— STARS  POSSIBLY  VARIABLE. 


Va 

Name. 

B.A.  1870. 

Ded.1870. 

Maenitode. 

Autbority. 

h.  m.   a, 

0      / 

X 

—  Orioniii 

5  «3  n 

-  I     80 

9 

Argelander 

a 

—  Tauri          ..      .. 

S  «7     6 

+  31    51-9 

8*9-ii'i3 

Fkshmidt 

1864 

3 

a  ArgfLi 

6  91    4 

-5*  3r5 

I 

4' 

a  Une  Mijorifl 

10  55  4« 

+  69  37-9 

i-5-a 

Lalande 

1786 

5 

91  Vh^nis 

11  «7    4 

-  8  441 

5-5 

6 

W  Virginia      ..      .. 

13  23  39 

-  8  561 

8-5 

Hind 

7 

17  Unae  Majoris 

13  4a  34 

+  49  57-8 

1-5-9 

Lalande 

1786 

8 

X  Virginia 

«3  47  39 

+  11  435 

8-5 

Hind 

9 

/9  Urse  Minoris 

14  51     7 

+  74  41-3 

3-3-5 

StniTe 

1838 

lO 

K  CoronflB  AuBtitdis 

18  34  94 

-38  489 

3-6 

HaUey 

1676 

XI 

S  Gaprioomi   . . 

»o  34    9 

—  19  30-8 

9-11 

Hind 

1854 

xa 

X»Cygni 

90  41  58 

+  33  537 

5 

Sehmidt 

1864 

13 

—  Aquarii  (1) 

99    33    31 

—  10  36-0 

7-8-0 

Rttmker 

1848 

H 

—  Aquarii  (a) 

33   99      4 

-  8  167 

9-0 

Hind 

15 

T  Cephei          . .      . . 

33  ^4  44 

+  55  «4i 

8- 3-8-8 

Argelander 

1863 

3.  Schonfeld  independently  arrived  at  the  ooncluBion  that  there  were  grounds  for 
Buppodng  this  to  be  a  vimable  star. 

6.  Thb  designation  has  been  applied  perhaps  somewhat  prematurely,  but  there 
seems  fiur  ground  for  suspicion  of  variability. 

8.  The  variability  of  this  star  Schonfeld  believes  will  soon  be  placed  beyond 
doubt. 

II.     See  Ast.  Naeh.  gu,  Oct.  34,  1854. 

13  is  another  star  which  there  is  good  reason  to  suppose  will  soon  have  to  be 
removed  to  the  list  of  "  known  variables. ^^ 

13.  Much  uncertainty,  which  at  present  cannot  be  removed,  hangs  over  this  star. 
The  information  upon  which  the  whole  argument  is  based  has  its  origin  in  a 
commtmication  published  in  Month,  Not.  R.A.S.,  vol.  viii.  p.  193,  wherein 
Rttmker  says  that  he  observed  a  star  of  the  7*8  mag.  on  July  9,  1848,  close  to  a 
small  one  catalogued  by  Lalande  and  Bessel.  Repeated  efforts  to  detect  this  star 
(which  followed  Lalande's  a  little  S.)  have  invariably  failed,  and  the  matter  remains 
in  suspense.    The  position  given  in  the  Catalogue  is  that  of  Lalande's  star. 

14.  The  variability  of  this  star  is  likely,  ao^yrding  to  Schonfeld,  to  be  established 
before  long. 

15.  The  preceding  note  will  also  i^ply  to  this  star. 
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CHAPTER   X. 

A  CATALOGUE  OF   RED  STARS*. 

fflHE  isolated  stars  which  are  to  be  found  scattered  up  and  down 
-*-  the  heavens^  of  various  warm  hues  from  yellow  to  deep  brown 
(Uef-iraun),  have  received  less  attention  than  they  really  deserve. 
But  inasmuch  as  recent  physical  discoveries  have  been  calculated 
to  recall  to  our  notice  BuSbn's  idea  that  the  colours  of  the  stars 
are  merely  indications  of  their  relative  states  of  glow^  the  red  stars 
(setting  a  comprehensive  meaning  on  this  phrase)  may  reasonably 
be  expected  to  arouse  feelings  of  particular  interest^  because  we 
may  assume  jnimd  Jade  that  they  are  undergoing  physical  change 
involving  combustion.  This  is  the  more  likely  because  of  the  fact 
that  so  many  of  the  known  variable  stars  are  either  permanently 
or  periodically  reddish. 

The  following  Catalogue  was  originally  drawn  up  solely  with 
the  view  of  enabling  the  Copenhagen  observers  to  decide  in  any 
case  that  might  arise  how  far  a  star  which  to  them  was  red  had 
been  so  noted  by  earlier  astronomers.  It  is  founded  on  the  3 
existing  Catalogues  of  Lalande  {Conn,  des  Tempe,  An.  xv)^  De  Zach 
{Carresp.  AsL,  vol.  vii.),  and  Sir  J.  Herschel  {Cape  Obs.)y  but  con- 
tains many  additions. 

Only  a  few  of  the  yellowish-red  stars  of  J.  F.  J.  Schmidt  (of 
which  a  list  is  annexed  to  the  V^  Berlin  Academical  Chart)  are  in- 
cluded^ because  his  eye  is  so  unusually  sensitive  that  the  generality 
of  observers  would  fail  to  recognize  any  sufficient  amount  of 
characteristic  colour. 

The  names  of  the  stars  have  been  added  by  myself^  and  the 
positions  brought  up  to  1870  by  my  friend  Mr.  Lynn. 

*  The  rabetance  of  a  oommanioation  by  Dr.  H.  Schjellerup  of  Copenhagen,  pub- 
luhed  in  AmI.  Naeh,  1591,  Jane  18,  i860 ;  with  corrections  in  No.  1613,  Oct.  30, 
1866. 
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Na 

Ster. 

&.  A.  1870. 

Ded.  1870. 

i           0         t 
+  63    138 

Kaff. 

1 

Bemiffka. 

I 

—  CaasiopeiaB   .. 

0     a  37 

8-5 

Ruby  star. 

3 

—  Piicium 

0    6  36 

+     0    34*6 

9*5 

Garnet  red. 

3 

—  AndromedaB. . 

0  13    3 

+  43  59*3 

8-2 

Intenae  red. 

4 

—  CMsiopeue  .. 

0  49  44 

+  ^  59*3 

9 

■  Deep  orange  red. 

5 

—  Ceti      

0  53  II 

-  6  349 

8 

Red. 

6 

—  Caanopeic   . . 

0  58  13 

+  5*  445 

10 

'  Fall  garnet. 

7 

—  Pisciam 

190 

+  35    4-8 

8 

Red. 

8 

—  AndromedjB . . 

I  10  17 

+  47    0*7 

7*5 

Very  recL 

9 

S  Pudum 

I  10  46 

+  8  137 

Tar. 

Reddiah. 

lO 

—  Piflcium 

I  14  31 

+  6  ir4 

9 

R«d;  45*'<-P-  ^^  ^^'  370  H. 

II 

—  Sculptoris 

I    31      0 

-33  13-5 

6 

Meet  beautiful  orange  red. 

13 

R  Piflcium 

I  n  5^ 

+     3    12*6 

Tar. 

fiery-looking. 

13 

—  Caanopebe  . . 

1  H  53 

+  59  599 

10 

Red. 

H 

—  CaaaiopeuB   . . 

I  46  II 

+  ^  33*8 

8 

Very  red. 

15 

—  Peraei 

I  54  a7 

+  54  359 

8-5 

Almost  ruby  red. 

i6 

—  Ceti      

306 

+  0  49-4 

7 

1 

Very  red. 

17 

R  Arietta 

2    8  44 

+  34  37*1 

var. 

Orange. 

i8 

—  A  ndromeda) 

a    9  Sa 

+  44  363 

9 

Very  full  red,  almost  ruby. 

19 

30 

oCeti         

—  Pereei 

a  la  47 
a  13  14 

-  3  341 
+  56  3a-3 

Tar. 
10 

Very  full  ruby  ;  sanguine. 
7ine  ruby  star  in  the  cen- 
.'      tre  of  the  neb.  521  H. 

31 

—  Ceti       

2  16     8 

+  0  33-3 

12 

Orange. 

33 
«3 
«4 

—  AndromedflB 

855  Weiase  TriangoU 

509  Arg.  Ceti  . . 

3  39    0 

a  35  as 
a  58  as 

+  56  30-3 
+  31  5a-3 

+    0    13*9 

9 

7*5 
93 

Fine  ruby  red. 

Red    star    following    the 

\    neb.  594  H  43J  »«i<»- 
Red. 

as 

10 1 4  BA.C.Horologii 

3    9  x6 

-57  48-6 

7*5    . 

High  orange  or  brick  red. 

26 

—  Ceti      

3    9  56 

—  6  13*5 

7 

Red. 

a; 

—  Tauri 

3  a7  a; 

+  19   33*5 

9 

Reddish. 

38 

—  Tauri 

3  34  55 

•1-  14   33*4 

9 

Very  red  ;  almost  ruby. 

39 

—  Peraei 

3  36  13 

+  53  a9-6 

9 

Very  fiery  ;  almost  scariet. 

30 

—  Eridani 

3  37  30 

—  10     I'l 

8 

Red. 

31 

1 204  B  A.C.  Camelop. 

3  46    3 

+  60  43-5 

55 

Red. 

3a 

—  Sridani         . .      . . 

3  48  59 

-15  17-4 

8 

Yellowish  red. 

33 

—  Eridani 

4  14  15 

-  6  33*4 

7-7 

Yellowish  red. 

34 

1342  B.A.C.  Tauri  .. 

4  14  44 

-I-30   30*4 

6-5 

Pale  red. 

35 

—  Eridani 

4  16  37 

+   0   13*3 

10 

Red. 
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No. 

8ter. 

&.A  1870. 

Deol.  1870. 

Mag. 

Remariu. 

36 

R  Tami 

b.  m.   8. 
4  ai  10 

0      / 
+  9  5»a 

▼ar. 

Red. 

37 

STaari      

4  27    s 

+   9  39*4 

var. 

Reddish. 

38 

—  Eridani 

4  a7  13 

-II     3*8 

67 

Yellowish  red. 

39 

a  Tauri      

4  38  37 

+  16  14*8 

I 

Pale  rose. 

40 

—  Aurig« 

4  $6  50 

+  33  40*6 

8-5 

41 
4a 

43 

1457  B.AC.  Camelop. 
i3i7Rad.Aiiiig»    .. 
—  Aurigc 

4  37  47 
4  4049 
4  43  «3 

+  67  56-0 

+  51  599 
+  a8  180 

6-5 

9*5 
8 

Very  red. 

rVery  fiery  ;  afanoet  1 
1    Qu.decl.  lo'tooli 

Intense  ruby. 

44 

(-^Orioniii 

4  45  " 

+ 14     3-0 

5 

Red. 

45 

5  Orionia 

4  4<5  36 

+   3  i6*7 

5*5 

Red. 

46 

—  Orionia 

448  4« 

+   7  34-0 

7 

Red. 

47 

—  Orionia        . .     . . 

448  57 

+  0  135 

10 

Ruby. 

48 

R  Orionia 

4  51  58 

+   7  55*9 

var. 

Reddish. 

49 

R  Leporia 

4  53  41 

—  15    oa 

var. 

Hind's  crimson  star. 

50 

—  Orionia 

4  55    9 

+  0  31-8 

6 

Yellowish  red. 

51 

—  Orionia 

4  5841 

+  0  59*8 

6-5 

Red. 

5a 

—  Orionia 

4  59  56 

-r    0   23*3 

9 

Ruby. 

53 
54 

55 

—  Orioniii 

—  Aurigae 

—  Aurign 

B    3  26 

5  II     7 
5  "  15 

-  0  437 

+  39    I2'2 

+  34    7*8 

7 
7 
8 

Red :  yellow. 
rVery   ruddy  ;    dose 
\    neb.  1067  H. 

Remarkably  red. 

56 

—  Orionia 

5  "  45 

+  0  13-8 

10 

Reddiah. 

57 

—  Orionia 

5  17    5 

-  9  ari 

8 

Very  red. 

58 

31  Orionia        . .      . . 

5  33    8 

—  I  II-8 

5 

Red. 

59 

ii9Taari 

5  H  36 

+  18  397 

55 

Red. 

60 

—  Orionia 

5  49  51 

+ 10  57-1 

7*5 

Red. 

61 

—  TVmri 

5  30  33 

+  34  55-2 

9*5 

Red. 

63 

—  Orionia        ..      .. 

5  34  30 

-  3  54*8 

8 

Red. 

63 

—  Orionia 

5  35  31 

+   2  i8'0 

77 

Red. 

64 
65 

—  Tauri 

—  Pictoria        ..      .. 

5  37  17 
5  39  3« 

+  34  317 
-46  31  I 

8 
8 

Very  red. 

riike  a  blood  drop :  a  f 
\    speomien  of  its  dj 

66 

a  Orionis 

5  48    9 

+    7   33-8 

yar. 

Orange. 

67 

vAurigsB 

5  50  17 

+  45  55*3 

6 

Red. 

68 

—  Orionii 

5  54  10 

+    0   133 

10 

Reddiah. 

69 

—  Orionii 

5  54  31 

+    0   157 

10 

Red. 

70 

—  Orionia         . .      . . 

5  55  45 

-  5    8-4 

77 

Yellowiah  red. 
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Ko. 
7« 

8Ur. 

1 

1 

—  OriiiniN 

&.  A.  1870. 

li.  01.    •. 
.      5  55  51 

1 

i  Ded.  1870. 

1 

1        ^     ' 

■  -i-  0  14*6 

1             ^ 

Haft- 
10 

I 

Red. 

7* 

—  Gktniinoruiu 

.     6    a  49 

j  +a6    a'3 

8 

Deep  crimaoiL 

73 

—  Oominonim 

.     6    s  U 

1  +17  1 1*9 

8-5 

Rnbj. 

74 

—  Pictoru 

.     6    5  30 

-5a  a9*5 

1 
9 

Ruddy. 

75 

—  Oeininoruin 

.     6  18    3 

:  +  «4  474 

8 

Vivid  red. 

76 

—  Cah'ia  Majoris 

.     6  18  a8 

—  «6  59*0 

8 

Very  inteoie  niby. 

77 

—  Monocefotifl 

6  a3  40 

+  0    a-5 

9 

Reddiih. 

78 

—  MonocerutU 

6  a3  56 

—  a  56-a 

T7 

Red. 

79 

a  139  B.A.C.  AurigK 

I    6  27  36 

+  38  3^*8 

6-5 

Superb  orange  red. 

80 

—  Munocerotui 

.  1    6  a8  13 

+  0    7-a 

95 

Reddidi. 

81 
8a 

ai96B.A.C.  Argils 
—  CaiiiH  Majorii 

^  35  30 
6  41  76 

-Sa  490 

—  ao  36-6 

6 
8 

Red. 
/Chief  itar  in  n«b.  4I  M ; 
1     red. 

83 

—  (^iiiH  Majorit 

•      6  44  13 

+  0    45 

10 

fine  red. 

84 

1854  Kaci.  Canielop. 

6  51     7 

+  70  549 

«   1 

Rather  red. 

85 

a 389  B.A.C.  ArgtM 

6  5a  48 

-48  3>-4 

5-5 

Red. 

86 

u  Canb  Majoris 

. ;    6  56  33 

-«7  450 

3-5 

Reddiah. 

87 

—  Monooon>Ui 

. .    6  56  4a 

-  8    9-6 

8J 

Red  star,  S  of  50  M. 

88 

R  Ofmiinoruin  . . 

'    6  59  3a 

+  aa  541 

var. 

Red. 

89 

—  Moiu>ctm>tiii 

.     7    0  38 

1 

—  7  ai-6 

8 

Red. 

90 

—  Monocf'rotiri 

•      7     I  59 

-"  43-5 

7*5 

Red. 

9« 

—  raiiiclo|»anli 

7    »  30 

+  8a  39*6 

5*4 

Reddish. 

9' 

44  ( *amolo|»ardi 

7     7  aa 

+  59    8-7 

7 

Red. 

93 

-     (loniinonim. . 

•     7     7  47 

+  ai  11*6 

7-3 

Very  red. 

94 

—  Mom>ot»n»tii 

•      7  14  49 

-10    8-; 

Redatarp.  1517  H. 

95 

—  MontHH«ri>tw 

•      7  15  47 

-  *  41  3 

9 

Blood  red. 

yft 

—  T-aiii*  Midori* 

•      7  17  39 

-15  308 

7 

Intense  fiery  red. 

97 

yH 

S  raiiiii  MinoriM 

7  a5  39 
•      7  35  II 

+  8  35-6 
+  29  ia*o 

i    var. 

:    5 

Strong  red. 
Reddish. 

99 
loo 

S  ()<iiuinoniiu   ,, 
—  AiyAii 

• '    7  35  «4 
.    7  35  49 

+ 13  45-a 
-31  III 

var. 
9 

Deep  onuige. 
Red. 

101 

101 

«*»5 

<•  l)i«iuiiit>niiu 

■  -  AivA»           . .      , 

•ViiiAii 

7  37  J> 
.     7  40  40 
•      7  41  30 

7  4>  34 
.    7  44  «3 

+  >8  »o'a 
-37  39  7 
*»4    3'3 
-31  48'« 
+  79  497 

«*5 

4*5 
var. 

9 

•  • 
1 

Orange. 

Orange. 
.  Ruddy. 
]  Veiy&ieniby. 
:  Red. 
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io6 

107 
X08 
109 
no 

III 

113 

"4 

115 

Z16 

"7 
Z18 

119 

130 

131 

133 
133 
134 

136 
137 
138 

139 

130 
131 

13« 
133 
134 
135 

136 

137 

X38 

139 
Z40 


Star. 


&.A.  1870. 


I  h.  m.  8. 

— -^^^^ I  7  47  5 

— -^J¥^ i  7  53  33 

—  Ai^ I  7  56  II 


Deol.  1870. 


—  MoDOoerotis 
BCancri   .. 


—  HydrsB 

3830  B.A.C.  Arg<bB 

—  Hydm 

—  HydnB  . .      •  • 

U  Gancri 


ArgtB 

Hydro 

Axgta 

Gancri 

Gancri 


—  Hydne 

T  Gancri 

—  Argdm 

3121  BA.G.  Argikfl  .. 

—  Gancri 


—  Argta  .. 

R  Leonis  Minoria 
R  Leoni>  •• 

—  HydrsD..      .. 

—  Argta  ..    ... 


—  Argta 

18  Sextantia     . .     . 

—  Antlic 

—  Arg^ 

3630  BJi.G.  Antlia 

r  Garins  Arg.  Nav. 
3637  BJLG.  Hydro 

—  SeiEtantii     .  •     • 
R  UiMB  Mijons 

—  Aigfts 


8 
8 


7    13 

9  H 


8  15  as 
8  18  39 

«  H  47 
8  35    o 

8  38  19 

8  40    I 
8  40    7 

8  45  35 
8  45  55 

848  3 

849  3 
8  49  14 

8  59  53 

9  3  30 

9    a  50 

9  a8  57 

9  37  46 

9  40  34 

9  45    4 
9  50    9 

9  55  47 
10    4  39 

10^  6   13 

10  9  59 
10  39  38 

10  30  36 
10  31  9 
10  34  34 

10  35  ^6 
10  39  15 


o 

-36 


35 
-49  383 
—60  30*8 

—  o  1*5 
+  13    7*4 

+  o  15-1 
-37  Sri 
+  o  10-8 
+  o  15*3 
+ 19  30-5 

-27  43*7 

+    O      7*3 

-47  53-8 
+ 19  487 
+  17  434 

—  10  53-6 
+  30  30*7 

-53  330 

—  35  30*1 
+  31    39-7 

-63    133 

+  35    65 

-I- 13      1*8 

—  33    34*6 

-40  58-4 

-59  361 

—  7  466 

-34  40"9 
—60     3*4 

-38  537 
-56  531 

—  13   43*6 

+  o  6-0 
+  69  37*4 

-57  «33 


Mag. 


8 

8 
8 

95 
var. 

8 
6 

11-5 

10 

var. 

8-5 
8 

9 
9 
8-5 

8 
var. 

9 

4'5 

6 

8 

var. 
var. 

6-5 
7*5 

8-5 
6 

7 
9 
6-5 

5'5 

6-5 

8-5 

▼ar. 

9 


Bemarks. 


{Red  star,  in  middle  oi 
1589  H. 
Rich  oriok-red. 

Orange. 

Red. 

Bright  orange. 

Red. 

Red. 

Reddish. 

Orange. 

Reddish. 

Fieiyred. 
Orange. 
Ruby  coloured. 
Reddish. 
Very  fine  red. 

Red. 

Very  red. 
Ruby. 
Red. 
Red. 

Very  intense  sanguii 

Yellowish  red. 

Deep  red. 

Red. 

Scarlet. 

Scarlet. 
Red. 
Scarlet. 
Ruby. 
Extreme  orange. 

Red. 
Red. 
Red. 
Pale  red. 
Ruby. 
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41 

4> 
43 
44 
45 

46 
47 
48 
49 
50 


R.A.  1S70.      IHcl.  1870. '   Mag. 


—  Hydnc..      .. 

—  Crateris 

1 1046  0-A  Cratoris 

—  Leonis  . . 

—  ChMmeleontiB 


—  ArgAfl  . . 

V  Unm  Majoris 

—  Muace . . 

—  Leonis  . . 

—  Ceotauri 


51  — Chamvleontm 

5a  — Virginia 

53  -—  Coma  Berenicia 

54  y  Cnicia 

I 

55  !  —Virginia 

56  '  R  Virginia 

57  —  Hydr»..      .. 

58  S  Urue  Majoria 

59  i  4287B.A.C.Can.Ven 

60  —  Crucia  . . 


61   '  —  Virginia 

6a  —  Corns  Berenioia 

63  i  K  Crucia     . . 

64  '  —  Crucia  . . 

65  '  *-  ConuB  Berenicia 

66  —  Centauri 

67  ;  •yHydrsB   ..      .. 

I 

68  t  Virginia  . . 

69  K  Hydrse  . . 

70  I  S  Virginia . . 


71 
73 
73 
74 
75 


u  Bootia 

3 1 05  Bad.  Canum  Ven 

—  Virginia 

—  Centauri 

—  Centauri 


I.  m.   a.     I       o        t 
o  45  18  ,  -«o  337 


o  53    6 
o  54    9 

0  59    3 

1  5  10 


9  3a 
II  a8 

33  43 

34  «7 
43  54 


-»5  394 

-17  37*6 
+  o    6*4 

-81     5-1 

-60  31-8 

+  33  48-3 
-71  50*9 
+  »5  3*'^ 
-56  a  7*4 


6-5 

6 

8 

9  5 
8 

10 

45 

8-5 
8 

8 


15  44  i  -74  47*3  ^5 

18  35     +    I  394  75 

la  40     +29    0'8  9 

^3  54     -5^  »>7  ■  > 

85  35  i  +   5  «3-5  '  95 


31  55 

+  7  43*3 

3>  37 

—  a6  ri 

38  15 

+  61  483 

39  I 

+  46  9*o 

39  50 

-58  590 

44  4 

45  54 

45  57 

46  16 

51  41 

1  5^  59 
3  "  50 
3  19  5a 
3  Ja  37 

3  «6  13 

3  43  13 
3  47  39 
3  58  II 

3  59  55 

4  7  35 


—  o  17 
+  17  488 
-59  386 
-59  39*8 
+  18  38*3 

—60  44*0 

—  33  39*0 

~I3      1*8 

-aa  3^4 

—  6  31-4 

+  16  366 
+  40  58-8 
+  o  99 
-59  6-4 
-59  »8-4 


13 

▼ar. 

5*5 
8-5 

9 

8 

9 

8 

9*5 

3 

5*5 
var. 

var. 

4 
7 
8 
8 

75 


Very  red. 

Red. 

Intenae  acarlet. 

Red. 

Ruby. 

Red. 
Red. 

fine  ruby. 
Red. 
Orange. 

Sombre  red. 

Red. 

Rich  ruby  purple. 

Red. 

Soarlei. 

Pale  yellowiah  red. 
Red,  in  cluater  68  M. 
Red  or  violet. 

Red. 

{Intenae  blood-red,  in  field 
with  iS  Crucia. 

Red. 

Tawny. 

Extremely  red. 

Red. 

Red. 

Full  orange. 
Red. 
Red. 
Red. 
Vivid  red. 

Red. 

Tawny. 

Reddiab. 

Doable:  both briok-red. 

Ruby. 
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Ka 

Ster. 

B^A  1870. 

BecL  1870. 

0        / 
+ 19  5>o 

Mag. 

176 

a  Bootifl 

h.  m.     a. 
14    9  44 

I 

177 

4775  B.  A«C.  Bootis 

14  17  55 

+  8  408 

6 

YeUowiflh. 

178 

—  Bodtis 

14  x8  30 

+  36  17-8 

7-5 

Vivid  red. 

179 

—  ViiginiM 

14  »a  53 

-  5  «4i 

8 

Reddish. 

180 

pBootis 

14  36  14 

+  3»  5<5-6 

4 

Red. 

181 

—  Ceatauri      ..      .. 

14  27  3* 

-43  480 

9 

Rubj. 

i8a 

4835  B.  A.  C.  Bootifl 

14  39  30 

+  37  "9 

6 

Red. 

183 

4976B.A.C.Tri.Aii8t. 

15     I  54 

-69  35-3 

6 

Almoit  scarlet. 

184 

8  Lupi       

15    9  55 

—  19  40*1 

47 

Very  red. 

185 

—  Apodit 

15  11  46 

-75  «7-4 

7 

Ruby. 

186 

S  Serpentis 

15  15  34 

+ 14  470 

var. 

Red. 

187 

T*  Serpentifl 

15  30  37 

+ 15  33*0 

r$ 

Red;  B.A.C.  mag.  ii 

188 

R  Goronn  Bormlk  .. 

15  43  13 

+  a8  33-5 

var. 

Reddish. 

189 

R  SerpenUi 

15  44  44 

+  15  3»*8 

var. 

Red. 

190 

—  CoroDse  Borealk .. 

>5  44  54 

+  39  58a 

9*5 

Fine  deep  ruby. 

191 

—  ApodiB 

15  45  «4 

-74    6-6 

9 

Sombre  red. 

193 

—  Coronn  Borealk  . . 

15  54  »9 

+  36  338 

xo 

Ruby  red. 

>93 

R  Heroulis 

16    0  33 

+ 18  43-4 

▼ar. 

Red. 

'94 

—  Heiculis 

16     I  45 

-1-33  xo'4 

7-5 

Yellowish  red. 

195 

—  Serpentia     ..      .. 

16    3    5 

+    I   lo-o 

8 

Reddish. 

196 

—  Nomue 

16    8  41 

-45  a8-8 

8-5 

Ruby. 

197 

—  Ophioohi 

16  17  45 

+  0    63 

10 

Garnet  red. 

198 

—  Ophiuchi 

16  19  30 

-"    7*3 

8 

Dull  brick-red. 

199 

U  Herculia 

16  30    3 

-1-19  11*4 

var. 

Red. 

aoo 

a  Soorpii 

16   31    37 

+  36    8*5 

1*5 

Full  red. 

30I 

—  Soorpii 

16  33    17 

-33     71 

8 

Deep  red. 

aoi 

—  Ophiuchi 

16  43  4a 

+    0     9*3 

9 

Reddish. 

203 

—  Ophiuchi 

16  44   39 

-  5  5ri 

8 

Red. 

304 

SHeroalifl        ..      .. 

16  45  59 

+  15    97 

var. 

Red. 

ao5 

—  Soorpii         . .      . . 

i^  4^  45 

-39  17*3 

9 

Red. 

306 

—  Ophiuchi      . .     . . 

16  49  30 

+   I  37*9 

8-5 

Red. 

307 

—  Ar»      

16  51  54 

-54  5«-5 

9 

Intense  ruby  red. 

308 

—  Ophiuchi      ..      .. 

16  53  58 

-  4     14 

8 

Yellowish  red. 

ao9 

a  Herculia 

n    8  43 

+  14  3J-5 

var. 

sxo 

43  Ophiuchi     . .     . . 

17  15  " 

-38    0'9 

6 

Reddish. 
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No. 

8ter. 

B.A.  1870. 

Sed.  1870. 

1 

Banavka. 

h.    m.    •. 

•       / 

ail 

—  Soorpii 

17  31  39 

-35  31-9 

9 

1 

Veiy  deop  noL 

ail 

—  Ophiuchi      . .      •• 

17  aa    3 

—  19  31-9 

8-5 

Ruby. 

ai3 

—  Soorpii 

17  31  14 

-41  337 

8 

Beautiful  ruby-red. 

ai4 

—  Anc      

17  3«    9 

-57  394 

8 

High  orange. 

ai5 

—  Serpentifl 

17  37  18 

-18  35-8 

8 

Remarkably  red. 

ai6 

—  Ophiuchi 

»7  47  37 

+   1  477 

9 

Carious  ruby. 

"7 

—  Ophiuchi 

17  5«  3* 

+   a  44a 

7*5  ; 

Very  fine  orange. 

ai8 

—  Ophiuchi 

17  59  3^ 

+   7    5*3 

8 

Red. 

ai9 

—  SftgitUrii 

18    a  15 

-15  i8-i 

8 

Red. 

aao 

—  Serpentis 

18  la  49 

+  0  475 

8 

Very  red. 

S3I 

—  Serpeiitis 

18  15  30 

+  0    5*9 

7-5 

Red. 

aaa 

TSerpentis       ..      .. 

18  aa  a8 

+   6  i3'o 

▼ar. 

TeUowish  red. 

aas 

6306B.A.C.Siigittaiii 

18  35  18 

-»4  57-3 

6-5 

Red. 

»a4 

—  Aquils 

18  a6  13 

-  5  15-3 

7-5 

Red. 

aaS 

—  Sftgittorii 

18  38  38 

—  34    0-8 

13 

Red. 

aa6 

—  Aquils 

18  39    7 

-  6  51-0 

1 

8 

Red. 

337 

—  Aquilas 

18  31  33 

-13  53*4 

8 

Red. 

aa8 

—  SerpeotiB 

18  31  45 

+  11    30*3 

9 

Red. 

aa9 

—  Serpentis 

18  32  41 

+  9     '•9 

10 

Red. 

330 

—  Aquibe 

18  35  39 

+    0      3*0 

8 

Red. 

331 

—  Serpentis 

18  39  39 

+   8  369 

9 

Plum-coloured  or  muddy 
purple. 

333 

—  Aquile 

18  43  46 

-  8    31 

9 

Most  remarkably  red. 

333 

—  Sagittarii 

18  46  34 

-33      44 

7*5 

Red. 

^34 

—  Aquil» 

18  50  56 

+    0    17*1 

9*5 

Garnet  red. 

ns 

—  AquilsB 

18  5«  37 

+  14  IfO 

8 

Red. 

^36 

—  Aquibe 

18  57  58 

+    0    19*6 

9*5 

Reddish. 

237 

R  Aquile 

19    0    7 

+     8      3-1 

var. 

Red. 

338 

—  Vulpecuhe  . . 

19    3  " 

+  33   58-5 

7 

Red. 

339 

R  Sagittarii 

19    9    4 

-19   330 

var. 

Reddish. 

340 

36  AquilsB 

19  »3  51 

-  3    3*5 

7 

Red. 

a4i 

6703  B.A.C.  Draconis 

19  36  10 

+  76  181 

6-5 

Very  red. 

343 

—  Sagittarii     . . 

19  36  51 

—  16  39*3 

7 

Remarkably  red. 

M3 

—  Aquiln 

19  38    5 

+   4  39-3 

8 

Red. 

344 

—  Aquile 

19  43  35 

+    0   33*6 

9*5 

Red. 

»45 

xCygni     

>9  45  34 

+  33  353 

▼ar. 

Red. 

Chap.  X.] 


A  Catalogue  of  Red  Stars. 


691 


Ko. 

Star. 

' 
1 

B.  A.  1870. 
h.    m.    B. 

DecL  1870. 

1 

Vmk. 

Bemarkf. 

1 

0      / 

346 

—  Aquils 

19  49  5^ 

+   0  17-3 

10 

Reddidi. 

M7 

—  Sagittarii     ..      .. 

19  58  58 

-37  357 

7-5 

Fine  ruhy. 

248 

—  PavoniB 

>9  59  56 

-60  186 

8-5 

Very  red. 

^49 

RCaprioomi     .. 

20    4     I 

-14  39*3 

var. 

Reddish. 

350 

—  Cygni 

ao    5    9 

+  41    69 

10 

Fine  dark  ruby. 

«5i 

—  Caprioomi    . . 

20    9  30 

—  21  42*9 

6 

r**  Pure  ruby  ;  the  finest  of 
\    my  ruby  stami." — H. 

25  J 

—  Aquilc 

20    12    20 

+  0  II-6 

9*5 

Orange. 

353 

—  AquilsB 

20  18  10 

+  0    8*o 

10 

Red. 

354 

—  Delphini 

20   19    29 

+  9  382 

8-5 

Red. 

»55 

—  Caprioomi    . . 

20   20     0 

—  28  41-2 

8 

Fine  ruby. 

«5^ 

—  Aqnibs        . .      . . 

20   24  46 

+  0  22*0 

10 

Red. 

357 

—  Delphini 

20  51     8 

+  15  45'3 

8 

Red. 

358 

—  Aquarii 

21     7  15 

+   0  127 

9*5 

Orange  red. 

359 

—  Aquarii 

21     851 

-   3     4*9 

8-5 

Red. 

260 

—  Cephei 

31    9  31 

+  59  347 

8 

Red. 

261 

—  Pavonis 

21    12    27 

—  70  167 

6 

Ruby. 

36  a 

—  Cygni 

21   26     3 

+  51    07 

XI 

Ruddy  ;  in  neb.  4676  H. 

163 

S  Cephei 

31  36  47 

+  78    2-3 

var. 

Red. 

364 

—  Cygni 

31  37  54 

+  37  353 

8 

Red. 

365 

—  Cygni 

31  38  59 

+  37  i6-i 

8-5 

Extremely  intense  ruby. 

966 

>i  Cephei 

31  39  31 

+  58  ii-i 

v«. 

Very  fine  deep  garnet. 

a67 

—  Aquarii 

21  39  48 

-  2  48-8 

6-5 

Red. 

368 

—  Cephei 

31  39  39 

+  53     70 

9*2 

Red ;  in  neb.  4701  H. 

269 

—  Aquarii 

21  43  28 

+    0  21*6 

10 

Red. 

270 

—  Cygni 

21  50  22 

+  49  537 

9 

Fiery  red. 

271 

—  Pegari 

31  58    5 

+  37  433 

8 

Very  ruddy  orange. 

171 

—  Cephei 

22      7  56 

+  56  377 

10 

Ruby  ;  in  neb.  4772  H. 

373 

7765  BA.C.  Lacerte 

22      8   18 

+  39    4-3 

4*5 

Reddish. 

374 

—  Pegasi 

22    10  56 

+  4  398 

8 

Red. 

375 

—  Cephei 

22    18   15 

+  55  18-4 

6-5 

Very  red. 

276 

—  Aquarii 

33  53     3 

-35  51-4 

6 

Red. 

377 

—  Plfldum 

33  54  38 

+  0  23*2 

9 

Red. 

278 

R  Pegasi 

23      0      7 

+  9  50*^ 

var. 

Red. 

379 

—  Pegasi 

23      0   27 

+   8  42-4 

5*5 

Red. 

280 

8  Andromedn  .. 

33  11  44 

+  48  18-3 

5*5 

Red. 
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Ko. 

OVH^* 

R.A.  1870. 

I>8d.i»9o. 
0      / 

Has. 

1 

s8i 

—  Pegmu 

• :  «3  13  46 

+  33  3r8 

8-5 

Bed. 

s8i 

—  CMsiopene  .. 

.     33  18  39 

+  60  53-0 

9 

Roddj ;  in  dnater  5s  M. 

a8a 

—  Pifciiim 

•  '  23  "  5« 

-*-    0   33*6 

105 

Red. 

S84 

—  Piicram 

.     33  34     « 

♦  0  9-7 

8 

Red. 

^B  , 

—  Pep« 

•     33  36    0 

+  a3    77 

8 

Red. 

<S6 

—  Pbciam 

•     ^3  39  45 

+   »  46'9 

6 

ReddMh. 

187 

—  Andromeds 

•     «3  4a  3« 

+  44  »r7 

10 

Ruby. 

s88 

—  Pbcimn 

•     «3  45  53 

+  0  30-4 

10 

Red. 

a89 

—  Cephei 

•     ^3  46    5 

+  74  484 

6^5 

Orange. 

390 

—  Ceti      

•     33  50  36 

-37  30-9 

55 

Red. 

391 

R  Cftinopeue    . . 

• !  »3  51  49 

+  50  399 

▼mr. 

ViTidly  red. 

193 

—  Pifciam 

1 

•     23  53  55 

+    0  30*5 

10 

Rote. 

393 

6259  lUd.  Caaiop.  . 

•     n  54  39 

• 

+  59  3r9 

6 

Red. 
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CHAPTER    XL 

LIST  OF  PUBLISHED  STAR  CATALOGUES  AND  CELESTIAL 

CHARTS. 

rilHE  following  is  a  list  of  all  the  principal  Catalogues  of  Stars 
-■*    and  other  celestial  objects  which  have  ever  appeared*. 

CATALOGUES  OF  ISOLATED  STARS. 

B.C. 

128.  HiPPAJtCHUS,  containing  1025  stars  (excluding  duplicates),  ob- 
served at  Rhodes,  incorporated  by  Ptolemy  into  his  McyaX7 
Svyrojiff,  or  The  Alnuigeaty  and  by  him  reduced  to  the  epoch  of 
137  A.D.  Last  edition  by  F.  Baily,  in  Memoirs  R.A.S.,  vol. 
xiii.     1843. 

A.D. 

1437.  Uluoh  Beioh,  containing  10 19  stars    observed  at  Samarcand. 

Last  edition  by  Baily,  in  Memoirs  R.A.S.,  vol.  xiii.     1843. 
1602.  Tycho   Brahe,   containing   777    stars    observed   at   Uraniburg, 

reduced  to  the  year  1600.     2nd  edition,  containing  altogether 

1005  stars,  published  by  Kepler  in   1627.     Last  edition  by 

Baily,  in  Memoirs  R.A.S.,  vol.  xiii.     1843. 
1 6 18.  William,  Lakdorave  of  Hesse,  aided  by  Rothmann  and  Byrgius, 

containing  368  stars  ;  reduced  to  the  year  1593.     Last  edition 

by  Flamsteec^  in  Hist  Ccelest.  iii.     1725. 
1624.  Bartsch,  James,  containing  136  southern  stars. 
1679.  H ALLEY,  CaieUogtis  SteUarum  Austrdivwm,  containing  341  southern 

stars  observed  at  St.  Helena,  reduced  to  1677.     Last  edition 

by  Baily,  in  Memoirs  R.A.S.,  vol.  xiii.     1843. 

*  The  date  prefixed  is,  with  few  ex-  The   Catalogue  of   the    library  of  the 

ceptioDB,  that  of  actual  publication.   This  Pulkova    Obeervatory    (in  W.  Struve's 

list    is  not  intended    to   include  eyeir  Deteription  de  VObs.  Aft.  Cent,)  will  be 

work  iMued,  but  merely  the  principm,  found  useful  to  the  bibliographer. 
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1690.  Heyeuus,  of  Danzig,  FrodrotMis  AstronomuBy  containing  1564 
stars,  reduced  to  1660  (end  of).  Last  edition  by  Baily,  in 
Memoirs  R.A.S.,  vol.  xiii.     1843. 

1725.  Flamsteed,  Kev.  James  (CcUalogus  Brittanictts  in  the  Hxstoria 
Coelestis),  containing  3310  stars  olxserved  at  Greenwich,  and 
reduced  to  1 690.  Last  edition,  considerably  enlarged,  by  Baily 
in  Account  of  FlavMteed.     1835. 

1725.  Sharp,  Abraham,  containing  265  southern  stars  observed  at 
St.  Helena  ;  reduced  to  1726.  Published  in  Flamsteed's  Hisi. 
CcdesL,  iii.     Ed.  of  1725. 

1757.  La  Caille,  containing  398  stars  ;  reduced  to  Jan.  i,  1750. 
Published  in  his  Fundamenta  Astronomic,  Last  edition  bv 
Baily,  in  Memoirs  R.A.S.,  vol.  v.  p.  93.  [Imperfect  editions 
of  this  are  in  circulation  :  see  Vince's  Astronomy/.] 

1763.  La  Caille,  containing  515  zodiacal  stars;  reduced  to  1765. 
Edited  by  Bailly,  of  Paris,  and  published  in  Ephemerides  den 
Movemens  Celestes,     1765-75. 

1 763.  La  Caille.  Coslum  Australe  Stelliferum,  containing  1942  southern 
stars  observed  at  the  Cape. 

1773.  Bradley,  Rev.  J.,  containing  389  stars  observed  at  Greenwich  ; 
reduced  to  1760.  Published  in  the  Nautical  Almanac.  i*l*lZ' 
Republished  in  1 798,  by  Homsby,  in  vol.  i.  of  Bradley's  Ohs. 

1775.  Mater,  T.,  containing  998  stars  observed  at  Gottingen  ;  retluced 

to  1756.  Edited  by  Lichtenl)erg,  and  published  at  Gottingen 
in  Mayer's  Opera  Inedii^,  Last  edition  by  Baily,  in  Memoirs 
R.A.S.,  vol.  iv.  p.  391. 

1776.  Maskelyne,  Rev.  N.,  containing  36  stars  observed  at  Greenwich  ; 

reduced  to  1770.     Published  in  the  Greenwich  Obs,,  1776. 
1792.  De  Zach,  Catalogue  Novus,  containing  381    stars;    reduced  to 

1800.     Published  at  Gotha,  in  4to. 
1798.  Herschel,  Miss  Carolina,  containing  stars  selected  from  vol.  ii. 

of    Flamsteed's    Historia    Ccelestis,   with    notes    by    Sir   W. 

Herschel. 

1800.  WoLLASTON,  Rev.  F.,  containing  260  circumpolar  stars,  in  Fasci- 

culus Astronomicus ;  reduced  to  Jan.  i,  1800. 

1 801.  Lalande,   J.   De,   containing   47,390   stars;    reduced   to    1800. 

Published  in  the  Uistoire  Celeste  Franqaise.     Last  edition  by 

Baily,  for  the  British  Association.     1847. 
1803.  Caonoli,  a.,  Catalogo  di  Stelle  Boreali,  containing  stars  observetl 

at  Modena. 
1 803.  PiAzzi,  G.,  Frascipuarum  Stellarum  inerrantium  FosiHones  Media:, 

containing  6748  stars  observed  at  Palermo  ;  reduced  to  1801. 
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1805.  Bode,    J.    K,    containing    5505    stars    observed    by    Piazzi    at 

Palermo. 

1806.  De  Zach,  containing  1830  zodiacal  stars  observed  at  Seeberg. 

1807.  Cagnoli,  a.,  Catalogue  cfe  501  EtoiUs  observed  at  Modena. 

1 8 14.  Piazzi,  G.,  Prcedpuarum  Stella/rum  inerra/ntium  Fositiones 
Media!,  containing  7646  stars  observed  at  Palermo ;  re- 
duced to  1 80 1.  [A  sort  of  second  edition  of  the  Catalogue 
of  1803.] 

1 8 18.  Bradley,  Rev.  J.,  containing  3222  stars  observed  at  Greenwich; 
reduced  to  Jan.  i,  1755.  Published  by  Bessel  in  his  Fv/nda- 
menta  Astronomim. 

1 818.  Pond,  J.,  containing  400  stars;  reduced  to  Jan.  i,  181 7.     Pub- 

lished in  Greenwich  Obs,,  18 16. 

1 8 19.  Bessel,  W.,  Fimdamentalsleme,  containing  36  important  stars; 

reduced  to  1815. 
1824.  Fallows,  Rev.  F.,  containing  273  southern  stars  observed  at  the 

Cape  of  Good  Hope;  reduced  to  Jan.  i,  1824.     Published  in 

FhiL  Trans.,  vol.  cxiv.  p.  457. 
1826.  Astronomical  Society  of  London,  containing' 2881  stars  com- 
piled firom  various  sources  ;  reduced  to  Jan.  i,  1830.    Published 

in  Memoirs  R.A.S.,  voL  ii.  App. 
1829.  Pond,  J.,  containing  720  stars  observed  at  Greenwich;  reduced 

to  Jan.  I,  1830.     Published  in  Greenwich  Obs,,  1829. 
1833.  Pond,  J.,  containing  1112  stars  observed  at  Greenwich  ;  reduced 

to  Jan.  I,  1830. 
1835.  Aroelander,  F.  G.  a.,  containing  560  stars   observed  at  Abo; 

reduced  to  Jan.  i,  1830. 
1835.  Brisbane,  Sir  Thomas,  containing  7385  southern  stars  observed 

at  Paramatta,  N.  S. W.     Ed.  by  Richardson. 
1835.  Johnson,  Lieut.  M.  J.,  containing  606  southern  stars  observed 

at  St.  Helena.     Published  by  the  H.  E.  L  Co. 
1838.  Groombridge,  S.,  containing  4243  circumpolar  stars  ;   reduced  to 

1 810.     Edited  by  Airy. 
1838.  Henderson,  T.,  containing  declinations  of   172   principal   stars, 

chiefly  in  the  southern  hemisphere  ;    reduced  to  Jan.  i,  1833. 

Published  in  Memoirs  R.  A.S.,  vol.  x.  p.  49. 
1838.  Wrottesley,  Lord,  containing  13 18  stars  observed  at  Blackheath  ; 

reduced  to  Jan.  i,  1830.     Published  in  Memoirs  R.A-S.,  vol.  x. 

P-  157. 
1840.  AiRY,G.  B.,  containing  727  stars  observed  at  Cambridge  ;  reduced 
to  Jan.  I,   1830.       Published   in   Memoirs  R.  A.  S.,  vol.  xi. 
p.  21. 
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1842.  Santini,  G.,  containing  1677  stare  between  the  equator  and  +  lo^ 

observeil  at   Padua  ;    reduceil  to  Jan.  i,  1840.     Published  in 

Memoirs  R.  A.  S.,  vol.  xiL  p.  273. 
1843-52-  Ri'MKBR,  C,  containing  11,978  stare  observed  at  Hamburg; 

reiluced  to  1836. 
1844.  Airy,   G.  B.,   containing    1439   stare    observed   at   Greenwich  ; 

reduced  to  Jan.  i,  1840.     Published  in  Greenwich  Oba.,  1842 

(and  separately). 

1844.  Taylor,  containing  11,015  stare  ol)8er\'ed  at  Madras. 

1845.  British    Associatiox,   containing    8377    stare,    compiled    from 

various  sources;  reduced  to  Jan.  i,  1850.  Edited  chiefly  by 
Baily.  [This  is  commonly  considered  to  be  the  most  useful 
ever  published.] 

1846.  Bessel   (part  i,  between  —15**  and  +15**  equatorial  regions  of 

declination),  containing  31,085  stare  observed  at  KonigB- 
berg  ;  reduced  to  the  year  1825,  by  Weisse,  at  the  expense 
of  the  Academy  of  Sciences  at  St.  Petereburg,  and  edited  by 
W.  Struvc. 

1847.  L^  Caille,  containing  9766  stare  observed  at  the  Cape  of  Good 

Hope  ;  reduced  to  Jan.  i,  1750.     The  reductions  were  carried 

on  under  the  sui)erintendence  of  Henderson,  at  the  expense  of 

H.  M.  Government. 
1849.  Airy,   G.    B.,    containing    2156    stare    observeil    at    Greenwich  ; 

reduced,  some  to  Jan.  i,  1840,  the  remainder  to  Jan.  i,  1845. 

Commonly  called  the  Greenwich  iz-YenrCntaloijue.    Publishetl 

in  Greentmch  Obs.^  1847. 
1851.  Fallows,  Rev.  F.,  containing  425  stare,  observed  at  the  Cai>e  of 

Good  Hope;    reduce<l  to  Jan.  i,  1830.     Edited  by  Airy,  and 

published  in  Memoirs  R.  A.  S.,  vol.  xix.  p.  i. 
1 85 1.  Main,    Rev.    R.,    containing  the   pn»j>er   motions    of  877    stare 

observeil    at   Greenwich.       Publishoil    in   Memoirs    R.  A.  S., 

vol.  xix.  p.  121. 
1 85 1 -6.  Cooper,    E.    J.,   containing   60,066   stare    near   the    ecliptic, 

observed  at  Markree  in  the  yeare    1848-56.     Printed  at  the 

expense  of  H.  M.  Government. 

1853.  Jacob,  W.  S.,  containing  1440  B.  A.  stare  observed  at  Madras; 

reduced  to  Jan.  i,  185^. 

1854.  Federenko,  I.,  Positimis  MoyemieSy  containing  4673  circumpolar 

stare,  from  Lalande ;  reduced  to  1790*0. 
1854.  Oeltzen.     Published  in  the  Annalen  of  the  Vienna  Observatory, 

1851-52. 
1854.  Wrottesley,  Lord,  containing  1009  stare  obser\-ed  at  Wrottesley  ; 
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reduced  to  Jan.  i,  1850.  Published  in  Memoirs  R.  A.  S., 
vol.  xxiii.  p.  I. 

1855.  Bond,  W.  C,  zone  observations  of  5500  stars  between  the  equator 

and  4-0°  20'  of  Decl.  Published  in  Annals  of  Harvard  Coll, 
Obs.,  vol.  i.  [The  same  volume  also  contains  a  catalogue  of 
1 123  standard  stars  between  0°  and  -f  1°  of  Decl.] 

1856.  Airy,   G.    B.,   containing    1576   stars    observed   at   Greenwich; 

reduced  to  1850.     Published  in  Greenwich  Ohs.,  1854. 

1856.  Madler,  J.  H.,  containing  numerous  Bradley  stars,  examined  for 

proper  motion  in  connexion  with  the  Central  Sun  hypothesis. 
Published  in  Dorpai  ObservationSf  vol.  xiv. 

1857.  Carringtok,  R.  C,  containing  3735  circumpolar  stars  observed  at 

Redhill;  reduced  to  Jan.  i,  1855.     Printed  at  the  expense  of 

H.  M.  Government. 
1859.  Aroelander,  F.  G.  a.,  containing  no,  984  stars,  between  —2° 

and  -h  20°,  observed  at  Bonn  ;  reduced  to  1855*0. 
1859.  Robinson,  Rev.  T.  R.,  containing  5345  stars  observed  at  Armagh  ; 

reduced  to  Jan.  i,  1840.     Printed  at  the  expense  of  H.  M. 

Government. 
i860.  Jacob,   Capt.,   containing    317    stars,   observed   at   Madras,   for 

proper  motions ;    reduced   to   Jan.    i,    1855.      Published   in 

Memoirs  R.  A.  S.,  vol.  xxviii.  p.  i. 
i860.  Johnson,    M.  J.,  containing  6317   circumpolar  and  other  stars 

observed  at  Oxford  ;  reduced  to  Jan.  i,  1845.     Edited  by  the 

Rev.  R.  Main.     [This  may  be  regarded  as  one  of  the  most 

valuable  catalogues  published  for  many  years  past.] 
i860.  Main,  Rev.  R.,  containing  the  proper  motions  of  270  stars  observed 

at  Greenwich.    Published  in  Memoirs  R.A.S.,  vol.  xxxviii.  p.  1 27. 
1 86 1.  Aroelander,  F.  G.  A.,  containing  105,075  stars,  between  H-20° 

and +  40**,  observed  at  Bonn;  reduced  to  18550. 

186 1.  Safford,  J.  H.,  containing  532  zenith  of  Cambridge  (U.  S.)  stars. 

Published  in  Memoirs  of  the  Amer.  Acad,,  vol.  viii.  p.  299  et  seq. 
Contains  numerous  titles. 

1862.  Aroelander,  F.  G.  A.,  containing  108,129  stars,  between  +41^ 

and  +90°,  observed  at  Bonn;  reduced  to  1855*0. 

1863.  Bessel  (part  ii,  stars  between  H- 15°  and +  45®),  containing  31,445 

stars  observed  at  Konigsberg ;  reduced  to  the  year  1825,  by 
Weisse,  at  the  expense  of  the  Academy  of  Sciences  of  St. 
Petersburg.     Edited  by  O.  Struve. 

1864.  AiRT,  G.   B.,  containing    2022    stars    observed   at    Greenwich; 

commonly^  called  the  Greenwijch  ^-Year  Catalogue,  Published 
in  App.  to  Greenwich  Obs,,  1862. 
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1864.  ScHJELLERUP,  H.  C.  F.  C,  coiitaiiiing  10,000  stars,  between  — 15° 

and  +  1 5°,  observed  at  Copenhagen. 

1865.  Chambers,  O.  F.,  containing  128  variable  stars,  reduced  to  1870*0. 

Published  in  Month.  Not  K.  A.S.,  vol.  xxv.  p.  208. 

1866.  Lamont,  J.,   Verzeichniss  von  JSquatarial    Stemen,    containing 

9412  stars  between  —3°  and  +  3°  of  decl.;  reduced  to  1850. 


CATALOGUES  OF  DOUBLE   STARS. 

1782.  Hersghel,  Sir  W.,    ist  catalogue,  containing   269  stars.     Fhil. 

Trans.,  vol.  Ixxii.  p.  112. 
1785.  Hersghel,  Sir  W.,  2nd  catalogue,  containing  434  stars.     PhiL 

Trans.y  vol.  Ixxxv.  p.  40. 
1822.  Hersghel,  SirW.,  3rd  catalogue,  containing  145  stars.     Memoirs 

R.  A.  S.,  vol.  i.  p.  166. 
1822.  Struve,  W.,  CcUalogus  Stellarutn  Dupliciumy  containing  795  stars 

observed  at  Dorpat. 

1825.  Hersghel,  Sir  J.,  and  South,  Sir  J.,  containing  measurements  of 

380  stars.     Phil.  Trans.,  vol.  cxiv.  jmrt  iii.  p.  14. 

1826.  Hersghel,  Sir  J.,  ist  catalogue,  containing  321  starM.     Memoirs 

R.  A.  S.,  vol.  ii.  p.  475. 

1827.  Struve,  W.,  Catalogus  Novus  SteUarnm  Dupliciiim,  containing 

stars  observed  at  Dorpat. 
1829.  DuNLOP,  J.,  containing  253  stars  observed  at  Paramatta,  N.  S.  W. 

Metfioirs  R.  A.  S.,  vol.  iii.  p.  257. 
1829.  Hersghel,  Sir  J.,  2nd  catalogue,  containing  295  stars.     Memoirs 

R.  A.  S.,  vol.  iii.  p.  47. 
1829.  Hersghel,  Sir  J.,  3rd  catalogue,  containing  384  stars.     Memoirs 

R.  A.  S.,  vol.  iii.  p.  177. 
183 1.  Hersghel,  Sir  J.,  4th  catalogue,  containing  1236  stars.     Memoirs 

R.  A.  S.,  vol.  iv.  p.  331. 
1833.  Hersghel,  Sir  J.,  5th  catalogue,  containing  2007  stars,  1304  l>eing 

new.     Memoirs  R.  A.  S.,  vol.  vi.  p.  i . 

1836.  Hersghel,  Sir  J.,  6th  catalogue,  containing  286  stars,  105  being 

new.     Memoirs  R.  A.  S.,  vol.  ix.  p.  193. 

1837.  Struve,  W.,  Mensurce  Micrometrica;,  containing  31 12  stars  ob- 

served at  Dorpat. 
1845.  Struve,  W.,  containing  514  double  and  multiple  stars  discovered 
at  Pulkova  with  the  great  refractor. 
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1847.  Herschel,  Sir  J.,  7th  catalogue,  containing  2102  stars.     Res.  of 

AsL  Ohs.y  p.  165. 
1849.  Madler,  J.  H.,  TahvlcB  Generales  Stellarum  ZhtpHcium,  containing 

about  600  of  Struve*8  stars,  combined  for  solar  motion. 
1852.  Struve,  W.,  Positiones  MedicB,  containing  2874  stars  observed  at 

Dorpat ;  reduced  to  1830. 
1856.  Dembowski,  Baron  H.,  containing  127  stars  observed  at  Naples. 

Ast  iTocA.,  vols,  xlii-iv.  999-1 036,  various  numbers  during  1 856. 
1856.  Madler,  J.  H.,  containing  numerous  stars,  from  Struve,  observed 

1846-51.     Published   in   Borpat   Observations,   vol.   xiii.     A 

second  series  will  be  found  in  vol.  xv.  part  i. 
1859.  Secchi,  a.,  containing  1321  stars  (whereof  11 14  are  from  Struve), 

observed  for  movement.    Memorie  dell  Osserv.  CoU.  Rom.,  No.  v. 
i860.  Jacob,  Capt.  W.  S.,  containing    120   stars   observed  at  Madras, 

1856-8.     Memoirs  R.  A.  S.,  vol.  xxviii.  p.  13. 
1864.  Dembowski,  Baron  H.,  containing  171  stars  observed  atGallarate. 

Ast,  Nach,  1 473-5*  May  28,  1864. 


MISCELLANEOUS  CATALOGUES. 

1844.  Smyth,  Admiral  W.  H.,  Gyde  of  Celestial  Objects,  containing  580 
double  stars,  20  binary  systems,  80  triple  and  multiple  stars, 
and  170  clusters  and  nebulae,  observed  at  Bedford  ;  reduced  to 
Jan.  I,  1840.     [A  most  interesting  and  instructive  work.] 

1859.  Webb,  Rev.  T.  W.,  Celestial  Objects  for  Common  Telescopes,  [A 
popular  handbook,  on  the  plan  of  the  preceding ;  well  arranged, 
and  most  useful.] 

1864.  Darby,  Rev.  W.  A.,  Tlie  Astronomical  Observer, 


CATALOGUES  OF  COMETS. 

1783.  PiNGRE,  A.,  Cometographie,  [A  most  elaborate  history  of  all 
recorded  comets.] 

1847.  Galle,  J.  G.,  containing  orbits  of  178  distinct  comets.  In  Encke's 
edition  of  Olbers's  Abhcmdlung  iiber  die  leichUste  v/nd  bequemste 
Methode  die  Bahn  ernes  Cometen  zu  berechnen,  Galle  pub- 
lished a  supplement  to  this  in  1864. 
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1852.  Cooper,  K  J.,  CameHc  OrbUs,  contidning  198  comets,  with  oopiotu 
notes  ap[)eDded  thereto.  No  less  than  754  distinct  sets  of 
elements  are  given. 

1852.  Hind,  J.  R,  containing  231  comets  :  appended  to  the  author's 
DucripUve  Treatue  on  Comets, 


CATALOGUES  OF  NEBULAE  (INCLUDING  CLUSTERS). 

17 16.  H ALLEY,  E.,  containing  6  nebula?.  Published  in  Phil,  Trans., 
vol.  xxix.  p.  390. 

1735.  Dkruaji,  Rev.  W.,  containing  16  nebulae.  Published  in  Phil, 
Trans, f  vol.  xxxviii.  p.  70. 

176 1.  La  Caille,  containing  42  nebulae  observed  at  the  Cape  of  Good 
Hope.     Published  in  Mem.  Acad,  des  Sciences,  1755,  p.  194. 

1784.  Messieb,  containing  103  nebulae.  Published  in  the  Connaissance 
des  Temps.     1784. 

1786.  Herschel,  Sir  W.,  containing  1000  nebul»  observed  at  Slough. 
Published  in  Phil.  Trans.,  voL  Ixxvi.  p.  457. 

1789.  Herschel,  Sir  W.,  containing  another  1000  nebulae  obser\'ed  at 
Slough.     Published  in  Phil.  Trans.^  vol.  Ixxix.  p.  212. 

1802.  Hekschel,  Sir  W.,  containing  500  nebula)  obser\'ed  at  Slough. 
Published  in  Phil.  Trans.,  vol.  xcii.  p.  477. 

1828.  DuNLOP,  J.,  containing  629  nebulH'  obscrvcil  at  Paramatta,  N.  S.W. 
Engravings  of  27.  Published  in  Phil.  Trans.,  voL  cxviii. 
p.  113. 

1833.  Herschel,  Sir  J.,  containing  2307  nebula;  observed  at  Slough, 
whereof  about  500  were  new  ;  reduced  to  1830.  Engravings 
of  67.     Published  in  Phil.  Trans.,  vol.  cxxiii.  p.  359. 

1844.  RossE,  Earl  of.  Engravings  (5),  and  notes  on  nebulse  obser>'ed 
at  Birr  Castle.     Published  in  Phil.  Trans.,  vol.  exxxiv.  p.  321. 

1847.  Herschel,  Sir  J.,  containing  1708  nebulae  obser\XHl  at  the  Ca{)e 
of  Good  Hope;  reduced  to  1830.  Engravings  of  60.  Pub- 
lished in  Residts  of  Astronomical  Observations  d'c,  p.  i. 

1847.  Herschel,  Sir  W.,  containing  8  nebulse.  Published  in  his  son's 
Hesfdts  of  Ast/ronomical  Observations,  p.  128. 

1847.  Smith,  H.  L.,  and  Mason,  E.  P.,  containing  observations  and  de- 
tailed notes  on  a  few  select  nebulae.  Published  in  Travis.  A  mer. 
Phil.  Soc.,  2nd  series,  vol.  vii.  pp.  165-213,  with  figs,  of  4, 
black  on  white  ground. 
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1850.  HossE,  Earl  of.     Engravings  (17),  and  notes  on  nebulae  observed 

at  Birr  Castle.     Published  in  Phil.  Trans,,  vol.  cxl.  p.  499. 
1 856.  D' Arrest,  ResvUate  was  Beobachtungen  der  NeMflechen,  containing 

about  230  nebulae  observed  at  Leipzig. 
1862.  AuwERS,  A.,   Verzeichnissen  von  Nebdflechen   und  Stemhaufeny 

containing  about  2600  nebulae  (some  duplicate),  chiefly  from 

Sir  W.  HerschePs  Catalogues. 

1862.  HossE,  Earl  of,  containing  notes  on  989  nebulae  observed  at  Birr 

Castle.     Engravings  of  43.     Published  in  Phil.  Trans.,  vol.  cli. 
p.  701. 

1863.  Bond,  G.   P.,  containing   33   unrecorded   nebulae   discovered   at 

various  times  at  Harvard  College  Observatory.     Ast.  Nock., 
No.  1453,  ^®<5.  18,  1863. 

1864.  Herschel,  Sir  J.   F.  W.,  containing  5079  nebulae  (all  known). 

Published  in  PhU.  Trans.y  vol.  cliv.  p.  i.     [A  grand  work  in 
every  sense.] 


ATLASES,  CHARTS,  &c. 

1603.  BateR;  J.,   Urcmometria.     [The  earliest  important  maps  of  the 

stars.] 
1627.  Schiller,  J.,  and   others,  Ccelum  Stellatum   Christianum.     [A 

curious  and  very  rare   old   work,  depicting  numerous  saints 

enshrined  amongst  the  stars.] 
1729.  Flamsteed,  Rev.  J.,  containing   28   charts.     [Universally   used 

during  the  last  century.]     Last  ed.  1781. 
1742.    DopPELMAYER,   J.    G.,    AUos    N0VU8    Ccdestts.      Published    at 

Nuremberg. 
1 80 1.  Bode,  J.  E.,  Uranographia,  containing  20  maps  of  all  the  con- 
stellations, giving  17,240  stars. 
1822.  Harding,  Atlas  Novns  Codestis,  containing  27  charts  on  a  white 

ground,  without  names  or  boundaries.     Published  at  Gottingen. 

Last  edition,  Halle  1856. 
1830-59.  Berlin  Academy:  24  charts — one  for  each  hour  of  R.  A. — 

by  various  observers.     Containing  all  stars  down  to  mag.  9, 

and  some  smaller  ones.     Catalogues  in  a  tabular  form  of  the 

regbtered  stars  are  appended. 
1832.  The  stars  in  six  maps,  on  the  gnomonic  projection.      Published  by 

the  Society  for  the  Difiusion  of  Useful  Knowledge.     [Useful, 

but  miserably  engraved.] 
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1836.  LuBBOc^K,  Sir  J.  W.,  six  niaps  of  the  stars  on  the  gnomoDic 
projection,  for  the  ejKK'h  of  1840.  Puhlishetl  for  the  Society 
for  the  Diffusion  of  Useful  Knowledge.  [Well  executed,  and  of 
high  scientific  value.] 

1839.  LiTTROW,  Alias  des  Gestiniten  Himmd*.    Published  at  Stuttgard. 

184 1.  DiEN,  Ch.,  Aikis  du  Zodiaqtie, 

1843.  Argelander,  F.  G.  a.,  Uranotnetria  Nova^  containing  17  charts 
of  the  heavens,  engraved  on  a  white  ground  with  the  boundaries 
faintly  tinted.     [A  very  useful  work  for  all  purposes.] 

1849  (^)*  MiDDLETON,  J.,  Celetttial  AtiaSy  containing  niaps  of  the  stars  in 
duplicate,  one  set  being  a  fac-simile  of  the  heavens,  stars  white 
on  black  ground  ;  the  other,  mai>8  ordinary,  ^-ith  constellations 
and  stars  engraved  in  the  usual  manner  and  coloured. 

1850.  Bishop,  G.,  Ecliptic  charts  for  every  hour  of  R  A.  [never  com- 
pleted.] Constructed  by  Hind  and  others,  and  published  at 
G.  Bishop's  ex|)ense.     £)K>ch  1825. 

1855.  Hind,  J.  R.,  Atlas  of  Astronomy,  containing  18  plates  with  brief 
explanations.  [Tliere  are  6  majM  of  the  stars,  white  on  blue 
ground,  of  great  usefulness  for  identifying  particular  stars.] 

1857-61.  Bonn  Observatory,  Atlas  des  Nordlichen  Hinvmds  ;  for  the 
e|>och  of  1855*0.  Containing  33  (or  more)  charts  on  white 
ground  of  stars  down  to  mag.  9.1  :  without  names  or  boun- 
daries. 

1862.  CiiAcoRNAc,  Atlas  Ecliptique,  to  contain  (when  complcteil)  72 
charts  on  white  ground. 

1865.  DiEN,  Q\\,,  Atlas  CefestCf  containing  24  charts  on  white  ground,  for 

the  epoch  of  i860. 

1866.  Procter,  R.  A.     The   stars  in  12   mai>8,  on  the  gnomonic  pro- 

jection.    [Scale  too  small  for  mai>s  to  be  of  much  use.] 
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CHAPTER    I. 

THE  TELESCOPE  AND  ITS  ACCESSORIES. 

Two  kinds  of  tele$cope». — R^i^eeting  telescopes. — 7%€  Oregorian  r^dor, — The  CasH' 
grainian  r^ector, — The  Newtonian  rtfiedor. — The  Herschdian  reflector. — NcumytKs 
rffieetor. — RtfracHng  telescopes. — Spherical  aberration, — Chromatic  aberration. — 
Theory  of  Achromatic  combinations.  —Tests  of  a  good  object-glass. — The  QaliUan 
refroAior. — Eye-pieces. — The  positive  eye-piece.'^The  negative  eye-piece, — Formuke 
for  calculating  the  focal  lengths  of  equivalent  lenses. — The  diagonal  eye-piece. — 
Dawes's  soiar  eye-piece. — Micrometers. — The  retictUated  micrometer. — The  parallel- 
wire  micrometer. — The  position  micrometer. — Telescope  tubes. 

IN  the  present  book  I  shall  treat  of  the  telescope  **,  and  of  some 
of  its  various  practical  applications  for  astronomical  purposes ; 
with  which  will  be  incorporated  other  information  of  a  kindred 
and  useful  character. 

Telescopes  are  of  a  kinds — reflecting  (or  catoptric),  and  refracting 
(or  dioptric) :  in  the  former  an  image  of  the  object  to  be  viewed 
is  produced  by  a  concave  reflector,  in  the  latter  by  a  converging 
lens. 


*  On  everything  connected  with  the 
subject  of  the  present  Book  the  reader 
maj  consult  with  advantage  Pearson's 
Practical  "Astronomy  ;  Loomis's  Practical 


Astronomy;  and  a  ve^  exhaustive  mo- 
dem American  work,  Uhauvenet's  Sphe- 
rical and  Practical  Astronomy. 

^  T^Ac  at  a  distance^  and  CHdwtm  I  see. 
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There  are  4  principal  constructions  of  reflecting  telescopes : — 

1.  The  Grefi^rian,  invented  by  James  Gregory,  of  Aberdeen,  in  1663. 

2.  The  Newtoni&n,  invented  by  Sir  Isaac  Newton  in  1669. 

3.  The  CaMegrainian,  invented  by  Caraegrain  in  167a. 

4.  The  Herschelian,  invented  by  Sir  William  Herschel  in  the  latter  part  of 

the  last  century. 

Fig.  179. 


i 


TUJ£  GkJEUOUlAN    TELESCOPE. 

The  Gregorian  Telescope  consists  of  a  large  concave  metal 
speculum^  in  the  centre  of  which  a  circular  aperture  is  pierced, 
A  a"**  concave  speculum,  with  its  concave  surface  turned  in  the 
other  direction,  is  placed  in  the  axis  of  the  tube  at  a  distance  from 
the  larger  speculum  greater  than  its  focal  length.  A  smaller  tube^ 
carrying  an  eye-piece,  is  placed  at  that  extremity  of  the  larger  tube 
where  the  speculum  is. 

Fig*  180. 


*ani 


JT 


U 
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The  Casseobainian  Telescope. 


The  Cassegrainlan  Telescope  is  similar  in  all  respects  to  the 
Gregorian,  except  that  the  smaller  speculum  is  convex  instead 
of  concave,  and  that  it  is  placed  in  the  tube  at  a  distance  from  the 
larger  speculum  less  than  its  focal  length. 


Fig.  181. 


The  Newtonian  Telescope. 


In  the  Newtonian  Telescope  a  large  concave  reflector  is  placed  at 
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one  end  of  the  tube.  At  a  distance  from  the  larger  mirror,  less 
than  its  focal  length,  is  placed  at  an  angle  of  45°  to  the  optic 
axis  of  the  telescope,  a  plane  reflector,  by  which  the  rays  proceed- 
ing from  the  object  are  turned  to  the  side  of  the  larger  tube, 
where  there  is  a  smaller  one  in  which  the  eye-piece  for  viewing 
them  is  placed.  Instead  of  the  plane  reflector,  Foucault  uses  a 
prism. 

In  all  these  telescopes  the  central  rays  are  lost,  because  in  the 
Gregorian  and  Cassegrainian  arrangements  the  central  portion  of 
the  mirror  is  cut  away,  and  in  the  Newtonian  the  central  rays 
are  intercepted  by  the  plane  mirror. 

Fig.  183. 


Thb  Hebsohelian  Tslescopb. 

In  the  Herschelian  Telescope  the  large  speculum  is  not  fixed  in 
the  tube  with  its  diameter  at  right  angles  to  the  axis  of  the  tube, 
but  is  slightly  inclined  thereto ;  by  this  means  the  image  of  the 
object  observed  is  brought  to  the  interior  edge  of  the  tube,  where 
it  is  directly  examined  by  the  eye-piece,  instead  of  through  the 
medium  of  the  2^^  reflector.  The  advantages  of  this  plan  are, 
that  not  only  can  observations  be  made  with  greater  ease, 
but  a  large  saving  of  light  is  eflTected  by  dispensing  with  the 
2^^  reflector.  It  was  with  an  instrument  constructed  in  this  way 
that  Sir  W.  Herschel  made  those  numerous  and  important 
observations  and  discoveries  many  of  which  have  already  been 
brought  under  the  notice  of  the  reader. 

A  modification  of  Newton's  arrangement  has  been  made  use 
of  with  satisfactory  results  by  Mr.  James  Nasmyth,  the  eminent 
machinist.  The  rays  reflected  from  the  great  speculum  are  received 
either  upon  a  small  speculum,  or  upon  a  prism  placed  in  the 
axis  of  the  tube,  between  the  focus  and  the  great  speculum.  By 
this  they  are  reflected  at  right  angles,  and  the  image  is  formed 
in  one  of  the  trunnions  (made  tubular  for  the  purpose)  on  which 
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the  instrument  turns.  The  image  is  then  viewed  in  the  usual  way. 
The  advantage  accruing  from  this  arrangement  is  that  the  great 
tube  can  be  moved  through  any  extent  of  altitude^  whilst  the 
lateral  or  trunnion  tube,  in  which  is  placed  the  eye-piece,  remains 
in  one  position,  and  thus  the  observer  can  survey  any  vertical 
circles  in  the  sky  without  continually  changing  his  station.  The 
inventor  has  a  reflector  of  this  construction  erected  at  his  residence 
at  Penshurst,  the  tube  of  which  is  28  feet  long  and  4  feet  6  inches 
in  diameter.  The  azimuthal  movement  is  given  by  a  turn-table 
similar  to  that  used  on  railways  for  turning  locomotive  engines. 

Reflecting  telescopes  for  many  years  past  have  been  but  little 
used  (always  excepting  a  few  large  ones  of  what  may  be  termed 
historic  note),  but  their  employment  is  now  on  the  increase ;  and 
there  are  those  who  believe  that  the  more  modern  sort,  having 
mirrors  made  of  silvered  glass  instead  of  speculum  metal,  will 
soon  be  in  a  position  to  compete  with  refractors,  in  regard  to 
efficiency  balanced  against  lesser  cost.  At  any  rate,  attention  has 
been  a  good  deal  drawn  to  them  of  late,  and  With  of  Hereford, 
Foucault  of  Paris,  and  Steinheil  of  Munich,  have  turned  out 
instruments  which  have  been  very  favourably  reported  upon  by 
competent  judges.  With  confines  his  attention  to  mirrors,  and 
leaves  the  mounting  to  be  done  by  others,  in  particular  by  Mr. 
J.  Browning. 

Fig.  1 84  is  a  representation  of  the  bed  employed  by  Browning  for 
With's  mirrors. 

Fig.  184. 


The  bottom  of  the  mirror  A  is  ground  to  an  approximately  true 
surface,  and  the  same  thing  is  done  with  the  bottom  of  the  inner 
cell  B,  on  which  it  rests.  Parallelism  is  obtained  by  the  use  of 
the  adjusting-screws  D  D  and  E  E ;  and  the  mirror  can  be  removed 
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from  the  tube  of  the  telescope  and  replaced  with  great  Jacility 
without  loss  of  adjustment.  A  ti^ht-fitting  brass  cap  closes  the 
inner  cell,  and  protects  the  silrered  Burface  when  not  in  use. 

A  reference  back  to  figs.  179-81  will  shew  the  small  mirror  in 
each  case  mounted  on  a  single  stent  arm,  and  this  has  been  (I 
believe)  always  the  method  adopted ;  but  Browning  employs  3  thin 
atrips  of  chronometer-spring  presented  edgeways  to  the  axis  of  tlie 
telescope,  as  in  figs,  187-8.  This  plan  of  mounting  the  smaller 
Fig.  1S8. 


mirror  has  the  important  advantage  that  the  5  slender  springs 
ofit^r  much  less  obstruction  to  the  passage  of  the  optic  rays  than 
does  the  i  thick  arm  commonly  used. 

I  shall  not  enter  at  any  greater  length  into  the  consideration 
of  reflecting  telescopes,  for  they  have  fallen  somewhat  into  disuse, 
since  the  more  durable  character  and  greater  manageability  of 
refractors,  together  with  the  lessening  in  their  cost,  brought  about 
of  late  years,  have  made  them  much  more  sought  after  than  was 
formerly  the  case. 

A  refracting  telescope  in  its  simjilest  form  consists  merely  of  a 
double  convex  lens  which  forms  an  image  of  the  object  to  be 
viewed  (and  hence  termed  the  odject-glass) ,  and  a  second  and 
smaller  double  convex  lens  (called  the  ege-piece),  used  as  a  simple 
microscope  to  examine  the  image  formed  by  the  first.  For 
astronomical  purposes  the  object-glass  is  double  (sometimes  triple) 
for  the  purpose  of  neutralising  certain  optical  inconveniences,  called 
tpAerical  and  chromatic  aberrat-ion,  and  the  eye-glass  is  generally 
composed  of  2  lenses  suitably  combined,  which  together  form  the 
eye-pieee. 
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It  will  be  readily  anderstood  that  it  is  no  part  of  mj  present 
object  to  furnish  an  elaborate  account  of  the  theory  of  astronomical 
optics ;  the  remarks  which  follow  must  therefore  he  understood  to 
have  reference  merely  to  a  few  general  pro|K>sitions^  with  which 
every  amateur  astronomer  ou^ht  to  Ik*  acquainted. 

Spherical  aberration  arises  from  the  circumstance  that  there  are  no 
curvatures  practically  attainable  for  a  lens  such  that  all  the  rays  of 
light  coming  from  a  distant  point  can  l>e  exactly  united  in  a  common 
focus  :  chromatic  aberration  depends  on  the  unequal  refrangibility 
of  the  different  coloured  rays  which  together  make  white  light — so 
that  when  an  observer  views  an  object  through  a  lens  he  will  not 
see  the  image  perfectly  defined  and  colourless,  but  more  or  less 
fringed  with  colour.  In  order  to  lessen  as  far  as  possible  this  latter 
annoyance,  the  telescope-makers  of  by-gone  days  constructed  lenses 
of  great  focal  length  (some  of  them  had  foci  as  long  as  300  feet) ; 
by  this  means  the  chromatic  dispersion  was  diminished  in  com- 
parison with  the  size  of  the  image  formed.  DoUond,  from  an 
examination  of  the  different  kinds  of  glass  then  in  use,  found  that 
some  specimens  dispersed  colours  under  a  given  mean  refraction 
much  more  than  others ;  and  starting  from  this  as  a  basis,  the 
al)ovo-iiamod  optician  elaborated  the  compound  and  aeliromatic 
object-glass  now  in  use.  This  invention  was  made  in  1758,  and 
may  well  ])e  looked  upon  by  Englishmen  as  a  grcat  national 
triumph ;  for  it  is  not  too  much  to  say  that  by  it  optical  science 
has  been  revolutionised.  This  object-glass  is  formed  of  a  convex 
lens  of  crown-glass  of  a  greenish  hue  and  a  concave  lens  of  flint- 
glass  of  a  yellowish-white  hue,  placed  in  contact,  the  former  outer- 
most. By  a  proper  arrangement  of  their  focal  lengths  (a  subject  of 
considerable  theoretical  and  mechanical  difficulty)  any  2  selected 
parts  of  the  spectra  formed  by  these  lenses  can  be  united,  and  the 
chromatic  dispersion  is  thus  to  a  great  extent  got  rid  of,  ^idthout 
destroying  the  refractive  power  of  the  object-glass.  AVlien  a  ray 
of  light  falls  upon  such  a  combination  it  is  acted  upon  by  each 
component:  the  crown-glass  renders  it  convergent  and  disperses  it; 
the  concave  lens  neutralises  this  dispersion,  and  an  uncoloured 
image  is  formed  at  the  focus. 

A  mounted  ol)ject -glass,  which  it  is  proposed  to  purchase,  may 
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be  submitted  to  various  tests.  Air  bubbles,  striae,  sandholes, 
scratches,  and  so  forth,  of  course,  prima  facie y  are  bad,  but  as  they 
are  not  wholly  incompatible  with  satisfactory  performances,  over- 
much attention  need  not  be  paid  to  them.  The  Rev.  T.  W.  Webb 
writes  as  follows  : — ^^  The  imag'e  should  be  neat  and  well-defined, 
with  the  highest  power,  and  should  come  in  and  out  of  focus 
sharply:  that  is,  become  indistinct  by  a  very  slight  motion  on 
either  side  of  it.  A  proper  test-object  must  be  chosen :  the  Moon 
is  too  easy ;  Venus  too  severe,  except  for  first-rate  glasses ;  large 
stars  have  too  much  glare;  Jupiter  and  Saturn  are  far  better; 
a  close  double  star  is  best  of  all  for  an  experienced  eye ;  but  for 
general  purposes  a  moderate-sized  star  will  suffice.  Its  image  in 
focus,  with  the  highest  power,  should  be  a  very  small  disc,  almost 
a  point,  accurately  round;  without  ^^  wings,^^  or  rays,  or  mistiness, 
or  false  images,  or  appendages,  except  i  or  2  narrow  rings  of  light, 
regularly  circular  and  concentric  with  the  image;  and  in  an 
uniformly  dark  field  a  slight  displacement  of  the  focus  either  way 
should  enlarge  the  disc  into  a  luminous  circle.  If  this  circle  be 
irregular  in  outline,  or  much  better  defined  on  one  side  of  the  focus 
than  the  other,  the  telescope  may  be  serviceable  but  is  not  of  much 
excellence.  The  chances  are  many,  however,  against  any  given 
night  being  fine  enough  for  such  a  purpose,  and  a  fair  judgment 
may  be  made  by  day  from  the  figures  on  a  watch-face,  or  a  minute 
white  circle  on  a  black  ground,  placed  as  far  off  as  is  convenient. 
An  achromatic,  notwithstanding  the  derivation  of  its  name,  will 
shew  colour  under  high  powers  where  there  is  a  great  contrast  of 
light  and  darkness.  Tliis  ^  outstanding '  or  uncorrected  colour 
results  from  the  want  of  a  perfect  balance  between  the  optical  pro- 
perties of  the  2  kinds  of  glass  of  which  the  object-glass  is  con- 
structed :  it  cannot  be  remedied,  but  it  ought  not  to  be  obtrusive. 
In  the  best  instruments  it  forms  a  fringe  of  violet,  purple,  or  blue, 
round  luminous  objects  in  focus  under  high  powers,  especially 
Venus  in  a  dark  sky.  A  red  or  yellow  border  would  l>e  bad ;  but 
before  condemning  an  instrument  from  such  a  cause  several  eye- 
pieces should  l)e  tried,  as  the  fault  may  lie  there,  and  be  easily  and 
cheaply  remedied  ^," 

«  CcUit.  Ohj ,  p.  3. 
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The  achromatism  may  be  judged  of  by  directing  the  telescope  to 
the  Moon^  or  to  such  a  planet  as  Jupiter^  and  alternately  pushing 
in  and  pulling  out  the  eye-piece  backwards  and  forwards  through 
the  place  of  correct  focus :  when  so  pushed  in^  a  ring  of  purple 
will  be  formed  round  the  margin  of  the  planet ;  on  the  other  hand^ 
when  the  magnifier  is  drawn  out^  the  contour  will  be  of  a  light 
green  tinge^  that  colour  being  the  central  one  of  the  prismatic 
spectrum^  the  whole  performance  shewing  that  the  extreme  colours 
red  and  violet  are  corrected. 

The  '^ wings''  spoken  of  in  the  above  extract  arise  from  the 
glass  not  being  in  every  place  of  uniform  refractive  power — a 
defect  sometimes  partially  remediable^  but  never  altogether  curable. 
For  obvious  reasons  smaller  telescopes  are  less  liable  to  have  their 
efiicieney  impaired  by  this  cause  than  larger  ones;  and  when^  in 
using  these  latter,  great  precision  of  definition  is  particularly 
desired  for  any  purpose,  the  defective  portion  may  be  covered 
over  by  a  cardboard  screen,  and  increased  sharpness  of  outline 
secured  at  the  expense  merely  of  light — an  alternative  not  always 
beneath  notice. 

Supposing  the  reader  to  have  become  possessed  of  a  refracting 
telescope,  he  is  strongly  recommended  never  to  attempt  to  take 
to  pieces  the  object-glass.  If  the  lenses  require  any  adjustment 
the  maker  is  in  every  case  the  best  person  to  take  them  in  hand : 
unskilful  treatment  of  them  may  cause  much  annoyance.  It  is 
different  with  eye-pieces,  in  consequence  of  their  being  less  liable 
to  derangement. 

Tlie  Gralilean  refracting  telescope,  so  called  from  its  inventor,  the 

Fig.  189. 
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Tax  G^LiLXAK  Telescopx. 


illustrious  Florentine,  consists  of  a  double  convex  object-glass,  the 
eye-glass  being  a  double  concave  lens  placed  in  front  of  the  image 
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formed    hy    the    object-glaBS.     The    common    opera-^lasa   ia    a 
telescope  on  this  principle.  p. 

The  eye-pieces  commonly  in  use  are 
the  positive,  or  Ramsden'a,  and  the 
n«^tive,  or  Huyghenian,  so  called 
from  their  having  been  iiret  psed  by 
Ramsden  and  Huyghens  respectively. 

A  positive  eye-piece  consists  of  2 
plano-convex  lenses  placed  with  the 
convex   sides  towards  each   other,   of  ""*'  '**^' 

which  the  innermost  is  called  the  f  eld-glass,  and  the  outermost 
the  eye-glatt.     The  focal   lengths  Fig,  igi. 

are  eqnal  to  each  other;  and  the       [j— -i 3 

field-glass  should  be  so  far  within       11  X J 

the  focus  of  the  eye-glass,   that     --^     I  I 

particles  of  dust  npon  the  former        I  "r B 

cannot    be    seen    when    looking       It 

through  the  latter.  Thi  pMiinn  Eti-Pi«c«. 

To  find  the  single  lens  equivalent  to  an  eye-piece  of  this  de- 
ecription. 

Divide  the  product  of  tie  focal  tengtkt  of  the  component  lenses 
hy  tieir  sum,  minus  fie  distance  between  Hem*. 

Thus,  if  the  focal  length  of  each  lens  be  1-5  inch,  and  the  dis- 
tance between  them  1  inch,  the  length  of  the  equivalent  single  lens 
will  be— 

'S"  '5     ai5_ 
3-1  1 

The  positive  eye-piece  having  its  focus  beyond  the  field-glass,  is 
suited  for  use  with  micrometers,  and  other  instruments  having 
wires  in  the  focus  of  the  object-glass — a  case  to  which  the  negative 
eye-piece,  in  consequence  of  its  having,  as  we  shall  see,  the  focus 
between  the  glasses,  is  not  suited, 

A  negative  eye-piece  consists  also  of  2  plano-convex  lenses,  the 
X  sides  of  both  being  in  this  case  turned  towards  the  object- 
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glass.  Tlie  ratio  of  the  focal  lengths  of  the  lenses  is  usually 
3  to  I,  the  latter  representing  tlie  eye-glass.  In  order  that  the 
combination  may  be  acliromatic^  it  is  indispensable  that  the 
distance  between  the  lenses  be  equal  to  half  the  sum  of  their  focal 
lengths. 

a  being  the  field-glass^  a  stop,  cc,  to  limit  the  field  of  view, 
J,.  is  placed  in  the  focus  of  the 

eye-glass  b,  and  the  eye-hole 
^J|       .,..:::::::x  •!--  d  is  of  such   magnitude  and 

distance   from    the    eye-glass 
that  the  emergent  pencils  just 

I  '  T find  a  passage  through  it.  The 

passage  of  rays  proceeding 
from  an  achromatic  object- 
glass  is  shewn  in  the  figure,  where  it  will  be  seen  that  aft^r 
refraction  by  the  field-glass  they  come  to  a  focus  at  c,  at  which 
place  the  image  of  the  object  is  formed.  The  rays  again  diverge, 
and  by  passing  through  the  eye-glass  b  are  in  turn  converged 
towards  the  point  d,  where  they  enter  the  eye,  and  form  an  in- 
verted image  on  the  retina. 

To    find   the   single   lens   equivalent    to    an    eye-piece   of   this 
description, 

lYinde  twice  the  product  of  the  focal  f en g this  of  the  component 
lenRCH  fji/  their  sum. 

Thus,  if  the  focal  length  of  the  field-lens  be  3,  and  of  the  eye- 
lens  be  1,  the  length  of  the  equivalent  lens  will  be — 

3x1x2     6 
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Negative  eye-pieces  are  almost  universally  used  for  all  astro- 
nomical purposes,  except  in  those  cases  where  they  are  inadmissible, 
and  which  have  already  been  pointed  out  when  speaking  of  the 
positive  eye-piece. 

The  following  should  be  borne  in  mind — 

I.  That  in  an  astronomical  refracting  telescope  the  distance  between 
the  object-glass  and  the  eye-piece  is  the  sum  of  their  focal  lengths,  and 
the  magnifying  power  is  the  ratio  of  their  focal  lengths. 
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Thus,  let  the  focal  length  of  the  object-glass  of  a  telescope  be 
lo  feet  and  of  its  eye-glass  i  inch.     Find  the  magnifying  power. 

Here  lofb.  =  120  inches. 
Then  as  ^  :  1 20  : :  I  :  x 

:  480. 

a.  That  in  a  GaliUan  telescope,  the  distance  between  the  glasses 
is  the  difference  of  their  focal  lengths,  and  the  magnifying  power  is 
the  ratio  of  their  focal  lengths. 

Thus,  let  the  focal  length  of  the  object-glass   of  a  telescope 

be  6  inches,  and  of  its  eye-glass  J  inch.     Find  the  magnifying 

power. 

As  }  :  6 ::  I :  af. 
:8. 

An  eye-piece,  called,  from  the  name  of  its  inventor,  Kellner's, 
is  much  approved  of  by  some  observers,  as  offering  a  larger 
field  than  a  Huyghenian  of  equivalent  power,  and  with  equally 
good  definition.  It  consists  of  %  lenses,  the  innermost,  or  field- 
glass,  being  a  double  convex  crossed  one — that  is,  having  surfaces 
of  different  radii,  the  most  convex  towards  the  object-glass;  and 
the  outermost,  or  eye-lens,  a  meniscus  of  great  convexity  and 
small  concavity. 

In  practice  it  is  not  easy  to  determine  with  tlie  requisite  nicety 
the  focal  lengths  of  small  lenses,  and  a  better  method  of  ascer- 
taining the  magnifying  power  of  a  telescope  may  be  given. 

Accurately  focus  the  telescope  on  a  distant  object,  turn  the 
instrument  towards  the  sky,  and  a  small  luminous  circle  will  be 
seen  near  the  eye-piece  :  this  circle  is  nothing  more  than  the 
image  of  the  object-glass.  Measure  by  a  fine  scale  of  equal  parts 
the  diameter  of  the  object-glass  and  the  diameter  of  the  luminous 
circle :  the  ratio  will  be  the  magnifying  power  required.  Tlie 
accuracy  of  the  resulting  evaluation  will  depend  on  the  precision 
with  which  the  spot  in  the  eye-piece  has  been  measured,  and  a 
micrometrical  contrivance,  called,  from  its  inventor,  Eamsden's 
Bynameter,  is  in  general  use  for  this  purpose. 

Mr.  Dawes  has  contrived  an  eye-piece  for  diminishing  the 
apertures  of  telescopes  without  disturbing  them,  which  is  equiva- 
lent to  the  application  of  a  diaphragm  of  the  required  dimensions 
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Fig.  193. 


to  the  object-glass.  It  consists  of  an  eye-piece>  furnished  with  a 
revolving  diaphragm,  containing  apertures  of  different  sizes,  each 
of  which  can  be  brought  into  the  centre  of  the  field  of  view.  By 
sliding  one  of  these  apertures  towards  or  from  the  object-glass, 
the  cone  of  rays  is  respectively  reduced  or  augmented,  which  has 
the  same  effect  as  diminishing  or  increasing  the  aperture  of  the 
object-glass.  A  scale  affixed  shews  the  amount  of  the  diminution 
of  the  aperture. 

Objects  near  the  zenith  are  frequently  inconvenient  to  observe ; 
to  meet  this  difficulty  a  diagonal  eye-piece  is  employed;  this  is 
merely  a  bent  tube  containing  a  small  reflector,  inclined  at  an 
angle  of  45°.  The  reflector  may  be  either  of  polished  speculum- 
metal,  or  a  glass,  or  rock-crystal  prism.  The  prism  is  to  be  pre- 
ferred, as  much  less  light  is  lost  in  the 
transmission,  and  the  eye-piece  thus 
arranged  becomes  serviceable  for  observ- 
ing the  Sun.  This  luminary  is  better 
viewed  by  reflection  than  directly,  for 
several  reasons:  amongst  others,  the 
loss  of  light  is  no  disadvantage,  and  by 
using  a  prism  the  rays  of  heat,  always 
very  inconvenient,  almost  entirely  pass 
away  into  the  air  without  traversing 
the  magnifier,  and  endangering  the 
glasses  and  the  observer's  eye.  With 
apertures  greater  than  2  inches,  direct 
vision  of  the  Sun  becomes  very  hazard- 
ous. A  special  eye-piece  for  the  Sun  has 
been  devised  by  Mr.  Dawes  «,  and  works 
well,  but  it  is  rather  expensive.  It  con- 
sists of  a  revolving  circular  metallic  plate, 
faced  on  the  inner  side  with  ivory,  containing  a  series  of  apertures 
of  various  sizes  from  ■y\j^  to  \  an  inch ;  these  serve  to  limit  the 
field  ad  libUnm,  and  the  field  so  curtailed  is  examined  by  single 
lenses  mounted  on  another  plate  revolving  concentrically  with  the 
former  one.     Superposed  upon  the  wheel  of  single  lenses  is  anotler 


The  Diagonal  Eye  piece. 
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wheel,  containing  a  series  of  dark  glasses  of  various  shades,  to  suit 
the  eye  and  magnifying  power  used.  The  single  lenses  are  focussed 
on  the  apertures  in  the  diaphragm  by  a  rack  and  pinion  movement, 
and  this  renders  the  eye-piece  as  a  whole  complicated  and  ex- 
pensive, though  admirably  adapted  for  solar  observatioD.  The 
wheel  of  dark  glasses  is  made  to  slip  off  the  eye-piece,  so  that 
if  it  is  required  it  can  be  devoted  to  other  uses.  A  more  simple 
form  of  solar  eye-piece  is  that  which  coDsists  of  an  adapter  in 
which  a  diaphragm  plate  is  fitted  as  above.  The  wheel  of  lenses  is 
replaced  by  a  tube,  into  which  fit  the  diminutive  positive  eye- 
pieces required  for  use  with  a  micrometer.  Across  the  top  of  each 
eye-piece  is  a  groove  with  cheeks,  to  retain  in  position  a  wedge  of 
dark  glass,  capable  of  a  sliding;  motion  in  front  of  the  eye  lens, 
for  varying  the  intensity  of  the  shade.  The  largest  hole  in  the 
diaphragm  plate  should  be  eqnal  to  the  field  of  the  lowest  power, 
so  that  the  whole  apparatus  may,  if  desired,  be  advantageously 
used  for  other  than  solar  purposes.  It  is  a  great  feature  in  this 
construction  that  the  rack  and  pinion  adjustment  for  focussing  is 
dispensed  with.  This  is  possible  because  all  the  positive  eye-pieces 
have  the  same  focus. 

Further  remarks  on  eyc-picces  will  be  made  in  a  subsequent 
chapter  devoted  to  practical  hints  on  observing.  It  may  suffice 
to  add  here  that  it  telescope  once  focussed  will  generally  suit 
several  observers  of  average  sight ;   for  near-sighted  persons  the 

eye-piece  must  be  pushed  in;  for  far-sighted 
Kg.  194.  , 

persons,  drawn  out. 

A  micrometer'  is  used  for  measuring  small 

celestial  distances.     The  simplest  form  is  that 

known  as  the    Reticulated^   Micrometer.     It 

consists  of  an  eye-piece  of  low  power,  having 

stretched  across  it  a  number  of  wires  at  right 

angles  to  and  at  equal  and  known  distances 

from  each  other.     All  that  the  observer  has  to 

do  is  to  apply  the  eye-piece  to  the  telescope, 

illuminate  the   field  with  the   small   lantern  (if  necessary,  as  it 

usually  is  at  night),  and  notice  how  many  divisions  cover   the 

'  luKpit  ttn  hH,  tad  litrpw  a  vuamrt.  ■  Beta,  a  nd. 
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object  whose  eize  it  is  desired  to  measure.  Knowing  the  value 
of  each  divisioo,  the  Eolution  then  becomes  a  simple  matter  of 
anthmetic.  To  determine  the  value  of  the  divisions,  tnm  the 
telescope  on  to  a  star  at  or  very  near  the  equator,  note  by  a 
sidereal  clock  the  time  in  seconds  occupied  by  the  star  in  crossing 
any  convenient  number  of  divisions.  Multiply  this  by  the  cosine 
of  the  star's  declination,  and  the  product  will  be  the  interval  in 
equatorial  seconds;  this  multiplied  by  15  will  be  the  space  in 
seconds  of  arc.  Then  divide  this  by  the  number  of  the  divisions, 
and  the  quotient  will  be  the  arcual  value  corresponding  to 
each. 

This  micrometer  is  at  best  but  a  crude  contrivance :  the  more 
precise  instrument  is  the  parallel-wire  micrometer.  This  in  its 
elementary  form  may  be  thus  described : — Two  spider  lines  or 
wires  are  so  mounted  parallel  on  sliding  frames  that  by  suitable 
mechanism  of  screws  &e.  they  can  be  made  to  coincide  with  each 
other,  or  to  separate  by  a  small  distance.  Tlie  revolutions  of  the 
screws  serve  to  affbrd  a  measure  of  the  angular  distance  travelled 
over  when  the  angular  value  of  each  revolution  is  known. 

Fid-  "95- 
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The  Parallel- Wib£  MicboucTEit. 


This  apparatus  is  placed  in  the  focus  of  the  object-glass  of  the 
telescope  so  that  the  eye  viewing  the  object,  a  measurement  of 
which  is  desired,  is  enabled  (by  suitable  illumination  if  necessary, 
as  above)  to  see  clearly  the  wires.  Supposing  a  comet  is  visible, 
and  the  observer  wishes  to  measure  the  diameter  of  its  head,  all 
he  has  to  do  is  to  bring  the  two  wires  together  on  one  side  of 
the  comet,  and  then  to  turn  one  of  the  screws  until  the  wire  moved 
is  brought  to  coincide  with  tlic  other  margin  of  the  comet :  the 
number  of  turns  and  ])arts  of  a  turn  necessary  to  effect  this  is 
a  measure  of  the  angular  diameter  of  the  object. 
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To  determine  the  value  of  a  revolution  of  the  screw,  separate 
the  wires  by  any  convenient  number  of  revolutions,  and  turn  the 
telescope  on  to  an  equatorial  star:  note  the  time  in  seconds 
occupied  by  the  star  in  passing  from  one  wire  to  the  other; 
multiply  this  by  the  cosine  of  the  star's  declination,  and  the 
product  will  be  the  interval  in  equatorial  seconds.  This  multiplied 
by  15  will  be  the  space  in  seconds  of  arc.  Then  divide  this  by 
the  number  of  the  revolutions  of  the  micrometer-screw,  and  the 
quotient  will  be  the  arcual  value  corresponding  to  each. 

Another  convenient  method  of  determining  this  value  is  prac- 
tised as  follows : — Take  a  foot  rule  and  place  it  at  right  angles  to 
the  optical  axis  of  the  telescope,  at  a  distance,  say,  of  100  yards, 
and  observe  how  many  turns  and  parts  of  a  turn  are  required 
to  include  its  length.  Ascertain  by  calculation  the  angle  sub- 
tended by  the  rule,  at  the  distance  at  which  it  is  placed.  Then 
if  a  is  the  angle  subtended,  and  n  the  number  of  turns,  v,  the 
value  of  the  same,  will  be  represented  by  the  following  simple 
equation — 

a 

n 

which  is  merely  the  former  rule  given  in  another  shape.  In  the 
case  assumed  of  the  foot  rule,  a  is  Ji'  27*5" — a  fact  which  it  may 
save  trouble  to  the  reader  to  have  stated  in  this  place. 

As  constructed  for  use  with  a  large  telescope,  the  parallel -wire 
micrometer  (the  above  description  of  which  merely  takes  cog- 
nizance of  fundamental  principles)  is  a  somewhat  elaborate  piece  of 
apparatus.  Spiral  springs  are  inserted  between  the  frames  and 
the  sides  of  the  rectangular  metal  box,  which  protects  the  more 
delicate  parts,  for  the  purpose  of  assisting  the  screws  in  their  work 
of  driving  inwards  the  frames  carrying  the  wires.  On  one  side 
of  the  field  of  view  is  a  metal  comb  or  notched  scale  of  teeth, 
which  correspond  in  size  to  the  threads  of  the  screw.  Every  fifth 
notch  is  cut  deeper  than  the  rest,  and  they  are  numbered  from  zero 
at  the  centre  by  tens  in  each  direction.  The  zero  is  represented 
by  a  small  circular  hole,  and  every  tenth  notch  has  smaller  circular 
holes  di'illed  under  it  corresponding  in  number  to  the  decades  of 


624  Practical  Astronomy.  [BookVII. 

teeth  above.  The  spider  linei  or  wires  omneide  at  tem.  The 
Bcrews  hAve  generally  shout  lOO  threads  to  the  inch,  and  near 
their  ends  (which  are  miUed-headed)  are  small  circlea  gnuluated 
to  I  oo  equal  parts ;  it  follows  that  the  motion  of  the  bead  through 
one  of  these  divisions  ad^-aDces  the  wire  through  ttttt'^  ^^  *° 
inch.  It  will  be  readily  nttderatood,  therefore,  that  with  a  micnv 
meter  thus  constructed,  angular  distances  of  a  very  minute  amouut 
may  be  subjected  to  measurement  K 

Tlie  paralleKwire  micrometer  moonted  so  as  to  rotate  at  right 
angles  to  the  optical  axis  of  the  telescope,  and  provided  with  a 
third  and  larger  graduated  circle  concentric  with  the  optical  axis, 
becomes  the  potifion  micromeffr,  used  for  measuring  angles  made 
with  the  meridian  by  lines  joining  double  stan. 

The  method  of  observing  such  an  angle  may  be  thus  briefly 
described.  Make  the  line  which  is  horizontal  in  figure  195  paniUel 
Fig.  iq6. 


to   the   equator    by   shifting   it    till  the   larger  of  the   a   stars 
passes  along  it  during  the  whole  of  its  passage  across  the  field ; 

^  For  MiBOCOUDtof  ■  modification  of  thUiDitrument  b]>Al*kn  CUrk  for  meaBuring 
UrgB  km,  arc  Monl*.  Nol.  K.A.3..  vol  lii.  p.  314. 
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revolve  the  position-circle  through  90**,  the  wire  in  question  will 
then  be  parallel  to  the  meridian  :  set  the  index  of  the  position- 
circle  to  zero,  bring-  the  larger  of  the  two  stars  under  the  wire, 
and  resume  the  revolution  of  the  circle  from  left  to  right,  till  the 
wire  cuts  the  other  star :  read  off  the  position-circle,  and  the 
reading  will  be  the  angle  made  with  the  meridian  by  the  line 
joining  the  two  stars.  Angles  of  position  are  measured  from  the 
north  round  by  the  east,  but  as  eye-pieces  invert,  north  becomes 
south,  and  therefore  the  progression  is  from  left  to  right,  con- 
trary to  the  motion  of  the  hands  of  a  watch. 

The  diagram  may  be  taken  to  represent  at  one  and  the  same 
time  the  graduated  circle  and  the  field  of  view,  the  latter  dis- 
tinguished into  4  quadrants:  north-following,  south -following, 
south -preceding,  north -preceding.  It  should  be  added  that 
generally  2  wires  are  used  for  determining  angles  of  position,  the 
stars  being  brought  carefully  between  them ;  by  this  plan  a  more 
accurate  result  may  be  obtained  than  with  one  wire  covering 
the  stars. 

Other  micrometers  have  been  constructed,  some  optical,  some 
mechanical  in  their  principles,  but  it  does  not  appear  necessary 
to  enter  further  into  the  subject.  The  works  mentioned  in  the 
note  may  be  consulted  for  additional  information  *. 

For  telescopes  up  to  5  feet  or  so  in  length,  the  tubes  are  generally 
made  of  brass,  but  for  sizes  larger  than  that,  in  consequence  of  the 
expense  of  brass,  other  materials  are  frequently  employed,  such  as 
sheet-iron,  zinc,  or  wood.  The  following  is  a  description  of  a  tube 
of  a  very  strong  and  convenient  style  of  manufacture,  formed  of 
veneers  of  mahogany. 

"  This  tube  was  formed  upon  a  core  of  dry  well-seasoned 
deal  planks,  and  turned  down  in  the  lathe  to  the  following 
dimensions : — 

Length  of  core       . .  . .  . .     9  ft.  o  in. 

Diameter,  large  end  o        7^ 

Do.       Bmall  end  ..  ..      o        5| 

"  The  core  was  well  soaped  to  prevent  the  possibility  of  any 

'  Encycl.  Bi-it.,  Art.  Micrometer;  Aift.,  En^j  eJ.,  vol.  i  p.  382  e^  seq.  A 
Vesinou,  Pract.  Atit. ;  'Brewatev^  Tre  itUe  v.ihmhle  |>aper  by  Dawes  appears  in 
on  Neic  InHrmnenU^  1813;  Arago,  Pop.       Month.  Not.  R.  A.S.,  vol  xviii.  p.  58. 
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portion  of  the  glue  adhering  to  it,  and  thereby  rendering  the 
removal  of  the  tube  difficult  when  finished.  Upon  the  core  a 
sheet  of  thick  brown  paper  was  wrapi>ed,  its  edges  being  pasted 
together  to  serve  as  a  foundation  for  the  first  veneer.  The  core 
was  then  brushed  over  with  glue,  and  a  veneer  of  mahogany  then 
laid  round  it ;  a  moveable  caul  made  of  double  can^-ass  was  then 
laid  round  the  veneer,  and  drawn  up  tightly  by  means  of  screws. 

"  This  caul  exactly  fitted  the  taper  of  the  tube,  and  its  longi- 
tudinal edges  were  securely  fastened  to  2  strips  of  wood.  In  one 
of  these  strips,  at  intervals  of  about  5  inches,  were  inserted 
common  bed-screws,  moving  freely  through  it,  and  scre^-ing  into 
corres))onding  nuts  in  the  other  strip.  By  this  means  the  caul 
was  screwed  up  tightly  round  the  veneer,  thereby  ensuring  a  close 
contact  between  it  and  the  core. 

"  The  core  was  then  placed  over  a  stove-pipe,  which  extended 
along  its  whole  length,  and  was  slowly  turned  on  its  axis  until  it 
became  sufficiently  hot  to  melt  the  glue,  which  thus  became 
equalised,  while  the  superabundant  quantity  was  squeezed  out; 
a  portion  even  permeating  the  veneer,  owing  to  the  pressure  of 
the  caul.     The  core  was  then  set  aside  for  2  or  'i  davs  to  drv. 

'^  Every  successive  veneer,  prior  to  being  laid  on,  was  lined 
with  a  piece  of  thin  calico,  to  prevent  the  veneer  from  splitting 
while  being  turned  round  the  core.  This  calico  was  removed 
when  the  veneer  was  dry ;  after  which  the  surface  was  prepared  for 
another  veneer,  by  being  levelled  over  and  freed  from  inecpialities 
by  the  veneer  plane.  Each  veneer  was  in  a  single  i>iece,  the  joints 
being  placed  at  alternate  sides  of  the  tube,  and  the  grain  of  the 
wood  reversed  at  every  layer.  A  tube  was  thus  formed  of  8 
thicknesses,  the  7  inner  ones  being  of  Spanish  mahogany,  having 
stains  or  other  faults  which  rendered  them  unfit  for  fne  cabinet- 
work, and  therefore  of  moderate  cost  (about  9//.  per  foot  super). 
The  8th  was  of  the  finest  Spanish  mahogany,  and  cost  (on  account 
of  its  great  size)  about  i*.  8^.  per  foot  super.  The  thickness  of 
the  tube  when  finished  was  |  of  an  inch.  It  was  French  polished 
on  the  outside  ^.'' 

^  F.  BnHlie,  .\fohth.  Xot.  R.A.S..  vol.  x\-ii.  p.  33. 
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CHAPTER  IT. 

TELESCOPE    STANDS. 

Importance  of  having  a  good  Stand. — "  Pillar-and-Claw  "  Stand, — The  "  Finder.^* — 
Vertical  and  Horizontal  Back  Motions. — Steadying  Rode.^Cook^s  Mounting, — 
Varley*8  Stand. — Procter's  Stand. 

THE  manner  in  which  a  telescope  is  mounted  is  by  no  means 
an  unimportant  matter.     It  frequently  happens  that  a  good 
glass  is  nearly  or  quite  useless  because  it  is   provided  with  no 

Fig.  197. 


Telesoopb  Mounted  oh  a  Pillab-and-Claw  Stand. 


proper  stand  on  which  it  may  be  placed.  Far  better  is  it  for 
observers,  desirous  of  deriving  some  benefit  from  the  instrument 
they  purpose   obtaining,  to   get  one   of  smaller  size  and  power, 

s  s  2 
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thoroughly  well  mounted,  than  to  devote  their  resources  to  the 
purchase  of  some  larger  glass  which  is  only  to  be  hung  up 
by  ropes  and  spars,  under  which  condition  it  would  fail  to  possess, 
in  the  slightest  degree,  those  most  iudis])ensable  qualifications, 
steadiness  and  facility  of  movement. 

Tlie  simplest  form  of  stand  is  that  known  as  the  "  pillar-and- 
claw,'*  and  is  suited  for  telescopes  of  from  24  to  48  inches  focal 
length.  By  its  use  the  observer  is  enabled  to  impart  to  his  tube 
2  motions,  one  in  altitude,  the  other  in  azimuth.     The  former, 

Fig.  198. 


Tele8C<.>pe  mounted  on  PiLLAR-ANn  Claw  Stand,  with  Finder 

AND  Vertical  Rack  Motion. 

or  vertical  motion,  is  obtained  by  a  joint  at  the  top  of  the  pillar ; 
the  latter,  or  horizontal  motion,  bv  a  conical  axis  carefully  fitted 
into  the  capital  of  the  pillar  by  a  nut  and  screw.  The  telescope 
is  brought  to  a  focus  by  a  rack  and  pinion.  Sometimes,  es|)ecially 
in  telescopes  furnished  with  a  long  nmge  of  powers,  a  tube  sliding 
easily  within  the  tube  to  which  the  rack  and  pinion  is  attached, 
and  called  a  fail-jjien*,  is  employed  for  first  getting  au  approximate 
focus. 

Supposing  several  powers  to  Ix?  supplied  to  such  an  instrument. 
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the  observer  is  recommended  to  make  use  of  the  lowest  to  find 
tlie  object  he  is  in  quest  of:  by  a  little  care  and  practice  he  will 
be  enabled  to  change  the  eye-piece  for  one  of  higher  power,  all  the 
while  keeping  the  object  within  the  field  of  view. 

The  first  addition  to  such  an  instrument  as  that  I  have  just 
described,  is  the  finder;  which  is  a  small  achromatic  telescope 
mounted  on  the  outside  of  the  tube  of  the  large  one,  the  optical 
axes  of  both  being  parallel,  and  used  for  the  purpose  which 
its  name  implies.  The  eye-piece  is  of  very  low  power,  and 
consequently  the  field  of  view  is  extensive,  and  being  furnished 
with  2  wires  crossing  each  other  at  right  angles,  it  will  happen 
(supposing  both  to  be  in  good  adjustment)  that  when  an  object 
is  seen  at  the  intersection  of  the  cross  wires  in  the  finder,  it 
will  also  be  in  the  centre  of  the  field  of  the  large  telescope. 
Perfect  parallelism  between  the  axes  of  the  2  telescopes  is  ob- 
tained by  the  use  of  the  screws  in  the  collar  which  holds  the 
eye-end  of  the  finder,  the  method  of  using  which  will  be  obvious 
from  inspection. 

When  it  is  desired  to  have  greater  precision,  for  the  purpose 
of  moving  the  telescope,  than  could  be  given  by  the  hand,  vertical 
and  horizontal  rack  motions  are  applied. 

The  former  consists  of  2  or  3  tubes  which  slide  one  within 
the  other,  the  largest  being  attached  by  a  joint  to  the  base  of 
the  pillar,  and  the  smallest  being  secured  to  the  eye-end  of  the 
telescope.  The  2  larger  tubes  slide  freely,  but  can  be  fixed  in 
any  position  by  a  clamp;  the  smallest  is  moveable  by  a  rack 
and  pinion. 

In  cases  where  the  horizontal  rack  motion  is  applied,  the 
construction  of  the  pillar  differs  somewhat  from  that  described 
at  the  commencement  of  this  chapter.  It  consists,  as  in  the 
former  case,  of  an  outside  and  an  inside  cone;  but  instead  of 
the  telescope  being  attached  to  the  inside  cone,  and  that  dropping 
into  the  outside  one,  the  arrangement  is  reversed,  and  the  telescope 
is  fastened  to  the  outside  one,  which  drops  vjwn  the  inner  one. 
Upon  the  lower  end  of  this  fixed  inner  cone  a  ring  is  made  to 
move  stiffly,  and  in  the  edge  of  this  ring  teeth  are  cut,  into 
which  an  endless  screw,  attached  to  the  outer  cone,  works.     When 
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therefore  the  obsen'er  wishes  to  impart  a  rapid  horizontal  motion, 
he  has  only  to  apply  \o  the  telescope  a  force  su£Scicnt  to  caoae 
the  outside  cone,  together  with  the  ring-,  to  revolve  apon  the 
inside  one;  but  when  a  slow  motion  ia  desiredj  it  suffices  that 
the  endless  screw  be  turned,   in  which  case  the   ring,   in   con- 


Fig.  199. 


Tblebcopk  mounted  on  a  Pillab-akd-Claw  Stand,  with  Findbb,  Vkktical  and 
HiiHizuNTAL  Rack  SIutionb,  and  Steadiinq  Rods. 

sequence    of  the   friction,   remains  attached   to   the    inside    and 
immoveable  cone. 

Motion  may  bo  conveniently  imparted  in  the  horizontal  direction 
by  attui'liing  to  tlic  eudlees  screw  a  Hooke's  joint  mounted  in  a 
handle. 
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To  all  teleBcopes  of  a  greater  length  than  3  feet,  and  mounted 
on  a  pittar-and-claw  stand,  steadying  rods  are  a  very  desirable 
addition.  They  are  generally  2  in  number,  and  consist  of  4  or 
more  tubes  sliding  one  within  another,  their  ends  terminating  in 
universal  joints  fiied  to  the  object-glass  end  of  the  telescope,  and 
the  2  front  "claw-legs"  respectively.  {Fig.  199.) 

Fig.  aoo  represents  a  telescope  and  mounting,  I>y  Cooke  and 


Telucopb  ov  Stand,  with  Vehticai.  and  Hokiiortal  Race  Motiohb. 


Sons,  of  York  and  London,  extremely  well  adapted  for  general 
purposes,  astronomical  and  terrestrial. 

A  contrivance  known  aa  FarUy»  Stand  is  sometimes  used  for 
telescopes  longer  than  4  feet;  it  is  a  very  ungainly  affair,  and  the 
regular  equatorial  stand  is  recommended  for  instruments  too  large 
to  be  conveniently  placed  on  one  of  the  pi  liar- and -claw  construc- 
tion :  indeed  an  equatorial  may  he  said  to  ))c  indispensable  for  the 
satisfactory  conduct  of  observations  in  sidereal  astronomy :  without 
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it,  much  %-alual>Ie  time  is  apt  to  be  lust  in  finding  the  objects 
sought  after,  which  would  be  far  more  profitably  spent  in 
scrutinising  a  larger  number  found  at  once  by  the  facilities  afibrdcd 
by  graduated  circles.  Sec. 

Fig.  20 1  represents  a  mounting,  having  altitude  and  azimuth 


TELKtuvipK  Stand 


motions,  devistid  by  Mr.  R.  A.  Procter.  The  slow  movement  in 
altitude  is  given  by  turning  the  rod  he;  the  endless  screw  on 
which,  turns  the  small  wheel  at  b,  whose  axle  bears  a  pinion  wheel 
working  in  the  teeth  of  flic  ({uadrant  a.  Tlie  slow  movement  in 
azimuth   is  given  in  like  manner  by  turning  the  rod  i' e,  the 
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lantern  wheel  at  the  end  of  which  turns  a  crown  wheel,  on  whose 
axle  is  a  pinion  working  in  the  teetli  of  the  circle  c.  The  casings 
at  e  and  e\  in  which  the  rods  h  e  and  h!  e  respectively  work,  are 
so  fastened  by  elastic  cords  that  an  upward  pressure  on  the  handle 
^  or  a  downward  pressure  on  the  handle  h!  at  once  releases  the 
endless  screw  or  the  crown  wheel  respectively,  so  that  the  telescope 
is  free  to  be  swept  at  once  through  any  desired  angle  either  in 
altitude  or  azimuth.  This  method  of  mounting  has  other  ad- 
vantages— the  handles  are  conveniently  situated  and  constant  in 
position ;  also  as  they  do  not  work  directly  on  the  telescope,  they 
can  be  turned  without  setting  the  tube  in  vibration  •. 

•  Pop.  Sc.  Rev.t  Oct.  1866,  vol.  v.  p.  462. 
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CHAPTER   III. 


THE     EQUATORIAL. 

Brief  epitome  of  the  fiuU  connected  with  the  apparent  rotation  of  the  Celestial  Sphere. 
— Principle  of  the  Equatorial  Instrument. — Tito  forms  in  general  use. — Descrip- 
tion of  Simton's  form,  and  of  the  different  accessories  to  the  instrument  ffeiterally. — 
Description  of  Fraunhofer's  form  of  Equatorial. — In  what  its  su^terioritjf  consists. 
— 77tc  adjustments  of  the  Equatorial. — Six  in  number. — Method  of  jterformiutf 
them,  —  Method  of  observing  teith  the  instrument,  reading  the  Circles,  ^x. — 
Examples. 

THE  reader  is  doubtless  aware  that  the  celestial  sphere  has  an 
apparent  motion  of  rotation  round  certain  imajjfinary  j>oints 
in  the  heavens  termed  the  Poles,  one  only  ot*  which  is  visible  from 
any  g^iven  point  on  the  Earth,  the  equator  excepted;  that  the 
altitude  of  the  Pole,  or  angular  elevation  of  it  above  the  horizon,  is 
equal  to  the  latitude  of  the  place  of  observation  ;  and  also  that 
every  star  describes,  apparently,  a  circular  path  around  the  Pole  of 
the  heavens,  increasing*  in  magnitude  with  the  increase  of  the 
angular  distance  of  the  star  from  the  Pole  up  to  a  distance  of 
90°  or  a  quadrant,  after  which  it  again  diminishes  towards  the 
opposite  Pole. 

If  now  we  were  to  incline  the  pillar-and-claw  stand  already 
described,  in  such  a  manner  that  the  vertical  axis  should  point 
towards  the  Pole,  and  thus  be  parallel  to  the  axis  on  which  the 
sphere  is  supposed  to  revolve — in  point  of  fact,  if  we  give  the 
pillar  an  inclination  equal  to  the  latitude  of  our  station — it 
would  clearly  follow,  that  a  single  motion  of  the  telescope,  viz. 
one  of  rotation,  about  that  inclined  axis,  would  cause  the  line  of 
sight  (called  also  the  optical  axis)  to  trace  upon  the  sphere  a  circle 
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corresponding  to  tbose  in  which  the  heavenly  bodies  appear  to 
move,  these  circles  increasing  or  diminishing  as,  by  moving  the 
telescope  upon  the  stand  or  horizontal  pivot,  we  increase  or 
diminish  the  angle    between  the  line  of  sight  and   the  first  or 


The  Enolibb  Equatobial. 


inclined  axis ;  just  as  the  circles  which  the  heavenly  bodies  them- 
selves describe  increase  or  diminish  according  as  the  polar  distance 
increases  or  diminishes. 

A  pillar-and-claw  stand  placed  in  the  above-described  position 
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constitutes  a  6im])lc  equatorial^  though  in  the  construction  of  one 
specially  designed  to  serve  that  purpose  numerous  alterations  are 
introduced.  Equatorials  are  all  constructed  on  similar  principles, 
but  vary  in  the  manner  in  which  those  principles  are  arranged. 
The  forms  commonly  met  with  are  the  English  or  Sisson's,  and 
the  German  or  Fraunhofer's ;  the  latter  is  for  many  reasons  to 
be  preferred,  but  the  general  construction  of  the  former  being  most 
readily  comprehensible,  that  will  be  described  first.  Pig.  202  is  a 
representation  of  an  English  equatorial ;  a  h  represents  the  polar 
axis ;  it  is  directed  to  the  Pole  of  the  heavens,  and  is  supported 
in  this  position  by  the  stone  piers  h^  i,  the  curved  portion  of  the 
latter,  1*,  being  generally  of  cast-iron.  This  axis  terminates  in 
cylindrical  pivots,  which  rest  in  Y^s ;  and  one  of  the  Y's,  usually 
the  lower  one,  is  provided  with  means  for  altering,  for  the  purpose 
of  adjustment,  the  direction  of  the  polar  axis.  The  declination 
axis  (not  shewn,  but  to  which  the  declination  circle,  y,  is  attached) 
passes  through  the  polar  axis,  and  rests  upon  collars ;  and  as  it  is 
necessary  that  the  two  axes  should  be  at  right  angles  to  each  other, 
the  collar  at  the  end  opposite  to  that  at  which  the  telescope  is 
fastened,  is  adjustible  by  screws.  The  collar  in  which  the  telescope 
end  revolves  is  held  by  pivots,  which  allow  a  lateral  motion 
through  a  small  arc,  in  order  to  prevent  any  strain  being  given 
when  the  adjustment  at  the  other  end  is  performed.  /  ^  is  the 
telescope,  fixed  at  right  angles  to  the  declination  axis,  and  there- 
fore moving  in  a  plane  parallel  to  the  polar  axis,  great  care 
being  taken  that  the  fastenings  are  perfectly  rigid.  The  eye  end 
is  furnislied  with  means  for  the  adjustment  of  the  line  of  sight. 
This  is  done  by  means  of  a  transit  eye-piece  in  which  a  system 
of  cross- wires  is  arranged,  the  line  of  sight  passing  through  the 
intersection  of  the  middle  vertical  with  the  horizontal  wire,  the 
w^hole  system  being  moveable  from  right  to  left,  by  screws  place<l 
for  the  purpose. 

The  angle  between  the  line  of  sight  and  the  polar  axis  is 
measured  on  the  declination  circle  f/,  divided  into  degrees  and 
fractions  of  a  degree,  and  capable  of  being  read  off  to  minutes  and 
seconds  by  2  verniers  placed  at  the  end  of  the  index  plate  ^,  and 
carried  round  with  the  telescope.    When  the  line  of  sight  is  parallel 
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to  the  polar  axis,  and  consequently  when  it,  if  the  latter  is  in  ad- 
justment, points  to  the  Pole,  the  index  arrow  on  each  vernier  should 
point  to  zero,  and  in  order  that  they  may  do  so,  means  for  ad- 
justment are  generally  applied  to  the  verniers  themselves.  A 
clamp  and  tangent  screw  (not  shewn)  near  to  k  give  the  observer 
the  power  of  fixing  the  telescope  or  moving  it  through  very  small 
arcs. 

The  angle  through  which  the  plane  containing  the  line  of  sight 
and  polar  axis  revolves  is  measured  on  the  circle  f,  called  the  hour 
circle,  which  is  fixed  to  the  polar  axis  *,  and  divided  to  shew  por- 
tions of  time — hours,  minutes,  and,  by  means  of  verniers  (marked 
ni)y  seconds,  the  hours  being  marked  from  I  to  XXIV.  When  the 
declination  axis  is  horizontal,  tli«  zero  arrows  on  the  verniers  should 
point  to  XII  and  XXIV,  facilities  for  bringing  about  that  coinci- 
dence being  provided.  The  hour  circle  has  a  female  screw  cut  on 
its  outer  edge,  in  which  an  endless  screw,  which  forms  part  of  the 
clamp  at  n,  is  an*anged  to  work  so  as  to  give  a  slow  motion 
in  right  ascension,  which  may  either  be  imparted  by  the  observer 
himself,  through  the  medium  of  a  rod  jo,  terminating  in  an  universal 
joint,  or  by  means  of  clockwork  at  q,  if  a  uniform  motion  is  desired 
for  the  purpose,  for  example,  of  following  an  object.  In  order  that 
the  2  actions  may  subsist  independently  one  of  the  other,  it  is 
usual  to  attach  the  clock  to  one  end  of  the  tangent  screw,  and 
a  rod  for  the  use  of  the  observer  to  the  other.  The  screw  is  so 
mounted  that  when  it  is  required  to  turn  the  telescope  through  a 
large  arc,  it  can  be  thrown  out  of  gear. 

Tliere  are  various  expedients  resorted  to  in  practice,  in  connexion 
with  the  clockwork,  and  the  method  of  making  use  of  it,  &c., 
which  need  not  here  be  specified  in  detail.  Suffice  it  to  say  that 
clockwork  is  a  most  valuable  adjunct  where  the  telescope  is  de- 
signed for  micrometrical  and  other  work  requiring  both  of  the 
observer's  hands  to  be  at  liberty. 

At  I  is  the  micrometer  lamp,  the  use  of  which  has  been  pointed 
out  in  a  previous  chapter.     A  weight  is  placed  at  the  end  of  the 


■  In  some  equatorials  of  tho  largest       turns  on  the  lower  pivot,  and  a  different 
class — as,  for  iuBtance,  in  tlie  Northum-       method  of  procedure  is  a<lopte<l. 
berland,  at  Cambridge — the  hour  circle 
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declination  axis  opposite  to  the  telescope,  to  counterbalance  the 
Utter ;  and  a  spirit  level,  to  set  the  declination  axis  horizontal,  is 
also  provided,  to  be  placed  in  position  when  required. 

Fig.  joj. 


Gehhah  Eqca' 


The  German  or  Fraunhofer's  equatorial,  bo  called  from  its  i 
ventor,  the  optician  of  Munich,  ia  represented  in  Fig.  203. 
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There  are  two  principal  reaaons  why  this  form  of  mounting  is 
preferable  to  the  one  just  described,  i.  The  telescope  will  reach 
every  part  of  the  heavens  without  interruption;  whereas  it  will  be 
noticed  that  the  upper  support  required  for  the  polar  axis  of 
Sisson  necessarily  interferes  with  the  view  of  objects  at  and  below 
the  Pole.  2.  Tliis  stand  requires  but  one  pier  easily  erected, 
instead  of  two,  the  proper  placing  of  which  occasions  much  labour 
and  trouble,  in  order  to  ensure  their  being  brought  within  the 
limits  of  the  adjustments. 

Fig.  104. 


Gbbiuh  Eouatobial. 


Fig  204  shews  a  modification  of  the  German  form,  contrived  by 
Mr,  P.  Brodie.  The  polar  axis  is  _^xed,  and  the  telescope  is  at^ 
tached  to  a  moveable  cradle,  which  turns  on  the  polar  axis.  The 
engraving  is  from  a  photograph  of  an  instrument  of  7i  inches 
aperture,  formerly  erected  at  East  Bourne,  in  Sussex. 

I  shall  now  proceed  to  give  the  adjustments  which  the  equa- 
torial requires. 

They  are  6  in  number.     For  correct  observation  it  is  necessaryt— 
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1 .  That  the  i>olar  axis  be  placed  at  the  altitude  of  the  Pole. 

2.  That  the  index  of  the  declination  circle  i)oint  to  o^  when 
the  optical  axis  of  the  telescope  i)oints  to  the  equator. 

3.  Tliat  the  i>o1ar  axis  be  placed  in  the  meridian. 

4.  That  the  oi)tical  axis  of  the  telc8co|)e  be  at  right  angles  to 
the  declination  axis. 

5.  That  the  })olar  and  declination  axes  l>e  at  right  angles  to  each 
other. 

6.  That  the  index  of  the  hour  circle  i)oint  to  o**  when  the 
telescope  is  placed  in  the  meridian;  that  is  to  say^  when  the 
declination  axis  is  horizontal. 

1  ^  adjustment. — To  bring  the  polar  axis  to  the  altitude  of  the  Pole. 

Put  on  a  tmnsit  eye-piece^  or  some  efficient  substitute. 

Select  from  the  Nautical  Almanac,  or  some  other  catalogue^  a  star 
whose  i>osition  is  ver}'  accurately  known  and  which  at  the  time  in 
question  hapi)ens  to  be  on  or  very  near  the  meridian.  Bring  the 
telesc*ope  on  to  it^  and  read  the  declination  circle ;  turn  the  polar 
axis  half-round  and  again  read  the  circle;  the  mean  of  the  two 
readings  is  the  instrumental  declination  of  the  object :  correct  for 
refraction,  and  compare  the  corrected  value  with  the  true  declination 
given  in  the  catalogue.  If  the  selected  star  bo  above  the  Pole, 
(which  it  is  best  that  it  should  be,  as  chances  of  error  from  refraction 
are  reduced  to  a  minimum,)  and  the  instrumental  exceeds  the  true 
declination,  the  pole  of  the  instrument  is  alcove  the  pole  of  the 
heavens,  and  vice  vemd.  The  polar  axis  must  then  be  adjusted  iis 
needs  be,  by  the  screws  provided  for  the  pur|)ose. 

Kramjjle,  When  €  Ursa?  Minoris  was  near  the  meridian,  its  de- 
clination was  obsen'cd  to  be  82""  15'  20"  whci^  the  face  of  the  circle 
was  E.,  and  82°  15'  53"  when  the  face  was  W. 

The  mean  of  these  two  observations  is  82"^  ^^  i^'^  t  ^^^  refrac- 
tion was  52  8";  so  that  the  correcteil  declination  was  82°  16'  29'3". 
The  true  declination  by  the  Almanac  was  82^^  17'  19*3".  Hence 
the  iK)lar  axis  was  too  low  by  50". 

2"'^  adjustment. — To  make  the  index  of  the  declination  circle 
point  to  0°  when  the  telescoiK)  points  to  the  equator. 

Take  half  the  difference  of  the  2  readings  obtained  as  above  :  this 
will  be  the  index  error  of  the  declination-circle  verniers,  and  thev 
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must  be  shifted  accordingly  by  the  proper  screws.  Several  pairs 
of  observations  should  be  made^  and  a  mean  of  them  taken  to  secure 
an  accurate  result. 

Example,  According  to  the  above  observation  the  index-eiTor 
was  16*5" — additive  to  readings  with  the  circle  E.,  and  subtractive 
with  the  circle  W. 

When  the  error  is  small  in  amount  it  is  often  preferable  not  to 
attempt  to  correct  it  by  the  screws,  but  to  keep  the  value  thereof 
as  a  constant  of  correction,  to  be  applied  with  the  proper  sign  to 
every  observation  made. 

3"*  adjustment. — ^To  place  the  polar  axis  in  the  meridian. 

Turn  the  telescope  on  some  known  star  6  hours  or  so  from 
or  past  the  meridian,  but  removed  as  far  as  possible  from  the  Pole 
and  the  horizon.  Read  the  declination  circle :  correct  for  refrac- 
tion, and  compare  the  result  with  the  value  assigned  in  a  cata- 
logue. If  the  star  is  E.  of  the  meridian,  and  its  observed  de- 
clination exceeds  that  given  in  the  catalogue,  the  lower  end  of  the 
polar  axis  will  be  to  the  W.  of  its  true  place,  and  must  be  moved 
accordingly.  On  the  other  hand,  should  the  observed  declination 
be  less  than  that  given  in  the  catalogue,  the  lower  end  of  the  polar 
axis  is  too  much  E.,  and  must  be  shifted. 

Should  the  star  observed  be  W.  of  or  past  the  meridian,  the 
effects  of  the  erroneous  position  will  be  reversed,  and  the  adjust- 
ments must  be  reversed  also. 

Example,  The  declination  of  a  Ursse  Majoris  when  6**  W.  of  the 
meridian  was  observed  to  be  6a°  36'  ii-o",  the  face  of  the  circle 
being  W.  Correcting  this  for  the  index-error  found  above  (i6*5"), 
andfor  refraction  (30-8"),  the  result  was  62**  35'  237".  The  de- 
clination by  the  catalogue  was  6a°  35'  16-3".  Hence  the  lower 
end  of  the  polar  axis  was  7*4"  E, 

4***  adjustment. — To  place  the  optical  axis  (or  line  of  coUimation) 
of  the  telescope  at  right  angles  to  the  declination  axis. 

Put  in  a  transit  eye-piece,  and  observe  the  time  of  the  passage 
of  some  star  over  the  centre  wire,  and  read  off  the  hour  circle. 
Turn  the  polar  axis  half  round ;  observe  a  second  passage,  note  the 
time,  and  again  read  off  the  hour  circle.  If  the  interval  of  time 
between  the  two  observations  corresponds  exactly  to  the  difference 

Tt 
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Ii<t\vc<*n  the  two  rea(lin<»"s  of  the  eirele,  all  is  ri}»ht;  if  not,  it  is 
eviileut  that  one  of  the  transits  has  been  observe<l  too  early  and  the 
other  too  hite,  on  aeeount  of  the  erroneous  I'.osition  of  the  wires. 
One  half  tlie  (lifFerenee  l>et\veen  tlie  interval  as  measured  by  the 
elork  and  tiiat  bv  the  hour  eirele  will  be  the  error  of  collimation, 
as  it  is  iiHualiy  called. 

Kj-ample,  The  following  observations  were  made  upon  5  Ophi- 
uehi : — 

Kju'<»  of  ( 'ii  rU'.  Sidereal  Tinio.  H(wir  Cin'le. 

h.    in.      ^.  h.  UL       «. 

W.      ..  ..  ..       i6   12  f8-8      ..  ..      o     6  flO 


K.  ..      i6  19    97     ..  . .     o  13    o- 


d 


The  interval  in  time  was  6"*  10*9":  the  difference  of  the  circle 
readinj^^  6'"  y*}*.  The  two  intervals  differed, ////<?/•  *e,  i*4*.  One- 
half  of  this  is  O'/",  which  is  the  error  of  collimation,  to  be  added  to 
the  readinj^'s  of  the  hour  circle  when  the  circle  is  E.,  and  subtracted 
when  the  circh*  is  W.  The  error  may  be  corrected  by  the  proper 
screws  if  the  amount  is  considerable. 

It  is  desirable  that  the  star  chosen  be  situated  as  near  as 
])(»ssil>le  to  the  equator,  in  conse<|uence  of  the  apparent  ang'ular 
iH(>ti(>ii  of  the  sphere  there  bein«if  faster  than  elsewhere. 

'/''  jul  just  men  t. — To  set  the  polar  and  declination  axes  at  right 
an«^les  to  eaih  other. 

Place  a  striding;  spirit-level  upon  the  cylindrical  pivots  on  which 
the  latter  axis  turns,  and  by  moviniTf  the  hour  circle  bring  the 
bubble  to  the  middle  y^i  its  run.  The  declination  axis  will  then 
be  horizontal  K  Head  the  hour  circle;  turn  the  jK)lar  axis  half 
round  ;  again  bring  the  dt^clination  axis  into  a  lu»rizontal  position, 
and  ayfidn  read  the  hour  circle.  If  the  readinjrs  are  the  same 
(or  where  the  eirele  is  graduattnl  to  24*',  differ  exactly  by  12**)  in 
both  positions,  the  dtvlination  axis  is  in  adjustment.  If  the 
readings  ilo  not  agree,  the  dtM'lination  axis  is  not  perpendicular 
to  the  polar  axis.  If  the  dcn-linatiou  axis  is  furnished  with 
ail  justing  screws,  ]>Iace  the  hour  circle  hall- way  between  the 
i>osition    it    artuallv    has    and    that    wliirh    it    ouirht   to    have    in 

•'  Thij»  NU|iposo<>  r*:.»  li'Vrl  (.>  lio  it>«jf  in  ailj'.i>i:iu':it.      li'  ii«»t  in  a«ijustment,  it  must 
lu'  |»\U  80  lii'fort*  pr^Hot »iin^  t»ni!ior. 
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order  that  the  readings  may  differ  hj  exactly  1 2  hours^  and  make 
the  declination  axis  horizontal  hj  the  screws. 

This  adjustment  ought  to  be  performed  by  the  maker^  and  when 
once  properly  effected  is  not  liable  to  derangement. 

6*^  adjustment. — To  make  the  index  of  the  hour  circle  point 
to  o^  when  the  declination  axis  is  horizontal. 

Set  the  declination  axis  horizontal  by  a  level;  then  if  the 
previous  adjustments  have  been  duly  performed,  the  instrument 
will  be  in  the  meridian,  and  the  index  may  be  set  to  zero  at 
once. 

A  more  precise  plan  is  the  following  :  clamp  the  telescope 
approximately  in  the  meridian;  observe  the  transit  of  one  or 
more  known  stars  not  far  from  the  equator,  and  allow  for  the 
error  of  the  clock.  Then  since  the  R.  A.  of  the  star  =  the  true 
sidereal  time  of  observation  +  the  true  hour  angle  from  the 
meridian,  the  true  hour  angle  is  known,  and  the  index  may  be 
set  to  mark  it. 

It  is  also  requisite  that  the  polar  axis  should  be  at  right  angles 
to  the  plane  of  the  hour  circle.  This  however  need  hardly  be 
called  an  adjustment,  as  it  ought  to  be  attended  to  by  the  maker. 

It  is  desirable  that  all  these  adjustments  should  be  performed 
(the  second,  of  course,  excepted)  with  the  telescope  as  near  the 
meridian  as  possible,  this  being  the  most  favourable  position  of 
the  instrument,  as  ordinarily  constructed,  for  symmetry  and 
strength ;  moreover,  the  correction  for  refraction  is  applied  with 
greatest  facility  under  these  circumstances. 

The  equatorial  being  now  in  adjustment,  is  ready  for  use.  A  few 
remarks  on  this  subject  may  not  be  out  of  place.  Let  us  sup- 
pose that  it  is  required  to  find  a  certain  star  whose  R.  A.  is  i6^  40™ 
and  declination  -h  45®  47',  and  that  the  time  shewn  by  the  sidereal 
clock  is  12**  16™.  As  the  R.  A.  of  the  star  is  greater  than  the 
sidereal  hour  on  the  meridian,  the  star  sought  for  has  not  yet 
come  to  the  meridian.  Subtracting  12^  16"  from  16**  40™  we 
have  4**  24™  as  the  hour  angle.  Turn  the  telescope  to  the  east, 
and  set  it  to  the  reading,  12**  less  4**  24",  or  7**  36™  of  the  hour 
circle ;  then  setting  the  declination  circle  to  45®  47'  north,  the 
object  sought  will  be  seen  in  the  centre  of  the  field.     With  a  little 


646  Practical  Astronomy.  [Book  VII. 

practice  in  this  way  the  observer  will  soon  be  able  to  fix  his 
telescope  upon  an  object^  a  small  allowance  being  made  to  the 
circle  reading  for  the  effect  of  refraction. 

Let  us  take  now  the  converse  of  this  proposition.  Suppose  that 
the  observer  suddenly  picks  up  an  unknown  cornet^  and  desires  to 
obtain  a  record  of  its  place  at  some  given  time.  If  he  is  content 
with  an  approximation  to  the  truth,  he  may  proceed  thus.  Let 
the  comet  be  placed  by  eye  in  the  centre  of  the  field,  the  time 
noted,  and  the  circles  read  off,  and  he  will  then  possess  all  the 
required  data. 

For  instance,  suppose  that  at  13^  25*°  sidereal  time  a  comet  is  seen 
in  the  field  of  the  telescope,  the  hour  angle  of  which  is  4^  1 7"  west, 
and  the  declination  circle  —9''  35',  what  is  the  comet's  position  ? 

Seeing  that  in  this  case  the  object  is  4**  1 7™  past  the  meridian, 
and  that  the  hour  on  the  meridian  when  the  observation  was  made 
was  13**  25",  it  is  clear  that  the  R.A.  of  the  comet  is  13^  25" 
less  4**  17",  or  9**  6" ;  and  the  declination  9"*  35'  south. 

If  the  observer  is  not  content  with  an  approximate  position, 
a  micrometer  must  l)c  called  into  requisition  and  a  star  of  com- 
parhon  selected.  The  mode  of  procedure  is  this :  the  difference 
between  the  right  ascension  and  the  declination  of  the  comet 
and  star  is  ascertained  1)y  measurement,  and  the  position  of  the 
star  being  known  from  a  standard  catalogue,  the  position  of  the 
comet  is  readily  ascertained. 

For  instance,  suppose  that  the  R.  A.  of  a  standard  star  is 
J 511  j^m  3^-4*^  and  its  declination  -f  47"  15'  37",  and  by  a  micro- 
meter it  is  found  that  a  comet  precedes  the  star  in  question  by 
2*7%  and  is  north  of  it  4'  21"  in  declination,  what  is  the  comet's 
position  ? 

RA.  Decl. 

h.    m.      «.  p      ^      ,^ 

'Star     ..  16  16  354         +47   15  37 

Subtract  ..  27  Add  ..  4  21 


True  R.  A.         16  16  327  Tnie  Decl.  +47  19  58 

In  practice,  index  errors  and  correction  for  refraction  must  \\q 
scnipulously  taken  into  account  when  precision  is  required,  as  it 
always  ought  to  be. 

An  arrangement  has  recently  been  introduced  greatly  calculated 
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to  facilitate  the  employment  of  the  e(|tiatorinl.  The  grndiiated 
lumr  circle  revolveB  freely  on  the  ]>olar  axis ;  hehiw  it  is  fxed  an 
index,  which  is  exactly  in  t)ie  meridian;   immediately  above  the 


Aperture.  BJ  in. 


{lly  Codf.) 


circle  is  another  circle,  fixed  to  the  polar  axis,  not  graduated, 
hut  carrying  another  index  wliich  coincides  with  the  lower  one 
when  the  telescope  is  in  (he  meridian.     To  find  an  object,  all  that 
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the  ohKTver  has  to  do  is  to  brin^  to  the  fixed  index  that  point  on 
the  moveable  hour  circle  which  corresponds  to  the  R.  A.  of  the 
object  sought;  to  clamp  the  same,  and  then  to  shift  the  npper 
circle  till  the  index  it  carries  point§  to  the  hour  on  the  hour 
circle  corresponding  to  the  sidereal  time  shewn  hj  the  clock.  The 
telescope  being  duly  set  in  declination,  the  object  will  be  found 
in  the  field.  The  time  and  trouble  saved  by  this  simple  expedient 
can  only  be  fully  appreciated  by  actual  experience. 

I  proceed  now  to  say  something  about  an  instrument  which, 
though  a  German  equatorial  in  its  essential  features,  has  points 
of  its  own  calculated  to  render  it  of  use  to  numy  who  are  likely 
to  read  this  book.  I  refer  to  Messrs.  Home  and  lliomthwaite's 
Slar.Piader.    , 


Thi  Stab-Fikdeb. 


The  particular  object  aimed  at  in  its  conception  was  to  furnish 
amateurs  with  the  means  of  either  ascertaining  the  whereabouts  of 
any  important  celestial  object,  preparatory,  it  might  be,  to  an 
examination  of  it  with  an  efficient  but  n on- equatorially- mounted 
telescope,  or  of  determining  the  identity  of  any  object  already  ob- 
served. 
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The  instrument  consists  of  a  telescope  a,  having  at  d  a  sliding 
adjustment  and  at  e  an  eye-piece  furnished  with  cross  wires.  The 
tube  occupies  the  diameter  of  a  divided  circle  d,  which  is  the 
declination  circle  whose  graduations  proceed  from  o®  at  the  head 
and  foot  of  the  circle,  both  ways  to  90°  at  the  sides,  and  which  are 
read  off  by  a  vernier  index  e  carved  upon  the  flank,  as  it  were,  ol 
the  telescope  a.  The  scales  are  appropriately  lettered  N  and  S 
respectively  upon  the  left  and  right  halves  of  the  circle.  Passing 
through  the  centre  of  the  declination  circle  is  the  arm  f,  which 
admits  the  revolution  of  the  tube,  and  itself  occupies  a  diameter 
of  the  hour  circle  h.  This  circle,  graduated  into  24  hours,  and 
degrees  of  4  minutes  (of  time)  each,  from  zero  on  the  right,  is 
read,  by  the  vernier  index  i,  at  the  extremity  of  the  arm  of 
declination  f.  Clamping-screws,  k  and  /,  secure  the  telescope 
and  arm  of  declination  to  their  respective  circles.  The  latter  arm, 
attached  at  right  angles  to  a  carefully-fitted  polar  axis,  is  capable 
of  taking  up  any  position  upon  the  hour  circle  i,  which  is  equally 
fitted  at  right  angles  to  the  polar  support  m.  It  is  necessary  that 
this  support  be  accurately  adapted  (by  an  easy  adjustment  in  the 
maker^s  hands)  to  the  latitude  of  the  place  where  the  star-finder  is 
intended  to  be  employed.  It  is  fixed  to  a  massive  iron  foot, 
which  must  be  placed  perfectly  level  by  the  three  foot-screws  nnriy 
with  observations  of  the  levels  0  and  p.  • 

To  level  the  bed  of  the  instrument,  adjust  the  milled  heads  n  n  n 
until  the  bubbles  of  air  in  the  spirit-levels  0  and  p  are  exactly  in 
the  middles  of  the  tubes,  the  hour  circle  of  the  instrument  facing 
to  the  north.  Now  reverse  the  instrument,  that  the  hour  circle  h 
may  face  the  south.  If  the  bubbles  of  air  in  both  levels  still 
remain  central,  the  bed  or  support  is  truly  level.  But  if  the 
bubbles  be  not  so,  the  support  must  be  lowered  at  the  sides  where 
the  bubbles  appear.  The  bubbles  should  be  only  i^^  corrected  by 
this  depression  of  the  support,  the  remaining  half  of  the  apparent 
error  being  due  to  the  foot-screws,  which  were  adjusted  at  the  first 
observation  to  meet  the  errors  of  the  support.  A  few  trials  will 
fix  the  support  quite  horizontal ;  and  if  it  be  a  stone  pier  or  pillar, 
the  slab  which  forms  its  surface  may  be  cemented  in  this  position. 
The  general  adjustments  are  the  same  as  those  of  the  equatorial. 
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CHAPTER    IV. 

THE   TRANSIT   INSTRUMENT. 

It*  itnportnnrf. — he*rrip1i(m  of  the  Purtnhh  Tran»it. — AdJHt4mmU  of  thf  Trannit. — 
Fonr  in  number. — Meth'nl  of  iierformintj  thtm. — Examine  of  Ike  manner  of  rer*ml' 
intj  Transit  ifb>ierraiion*  of  Star*. — Of  the  Sun. — Utmark*  <m  iAuKmitiont  of  the 
Mot  PH. — Of  the  lartjer  Planet  ji. — Afode  of  completing  imperfect  fett — Th*  umt*  to 
vhich  the  Transit  Inftntment  m  applied. 

BY  far  tlie  most  important  of  what  may  be  termed  the 
technical  astronomical  instruments,  is  the  Transit,  or  Transit- 
Circle,  the  sniaUer  and  less  perfect  kinds  hein*^  ehieily  used  lor 
takinir  tlie  time,  and  the  larger  for  measuring  the  positions  of  stars, 
&c.,  for  forming  catalogues. 

I  shall  only  describe  the  small^  or  portable  transit. 

The  instrument  consists  of  3  principal  jiarts — the  telescope,  the 
stand,  and  the  circle :  a  d  \s  a  telescope  of  a  large  field  and  low- 
power,  the  tube  of  which  is  in  2  parts,  connect eil  by  a  cubical 
centre-piece,  into  which,  at  right  angles  to  the  o])tical  axis,  are 
fitted  the  larger  ends  of  2  cones  c,  c,  which  form  the  horizontal 
axis  of  the  telescope;  the  smaller  ends  of  each  cone  are  accurately 
ground  to  2  perfectly  equal  cylinders  or  pivots.  Tliese  pivots  rest 
on  Y's,  angular  bearings,  which  surmount  the  2  side  standards, 
e  and  ?/',  of  which  e  may  be  called  the  eastern,  and  ir  the  western. 
One  of  the  Y's  is  fixed  in  a  horizontal  groove,  so  that  by  means  of 
a  screw  a  small  azimuthal  motion  may  be  imparted  to  the  instru- 
ment; in  like  manner  a  small  motion  in  altitude  may  be  obtaineil 
by  turning  the  foot-screw  ^.     On  one  end  of  the  axis  is  fixed,  so 
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tliat  it  may  revolve  with  it,  a  declination  circle,  d,  divided  to 
degrees  find  read  by  verniers  to  minutes,  &c.  Over  tliis  is  fixed 
a  level,  f.  The  other  cone  is  hollow,  in  order  that  light  coming 
from  the  lamp,  h,  may  pass  to  the  centre-piece,  where  there  is  a 
plane  pierced  mirror  inclined  at  an  angle  of  45°,  which  reflects  the 
light  to  the  wires  placed  in  the  principal  focus.  There  are  usually 
4  or  6  wires;    in  the  former  case,  i  is  placed  horizontally  and  3 

Fiff.  208. 


The  Portable  Transit  Instrument. 

vertically;  in  the  latter,  i  horizontally  and  5  vertically.  The 
lamp  is  furnished  with  a  sliding  diaphragm,  by  which  the  quantity 
of  light  allowed  to  pass  out  may  be  increased  or  diminished  as  may 
be  required. 

Fig.  209  represents  a  transit  instrument  by  Browning.  It  does 
not  difier  from  the  ordinary  form,  but  the  engraving  serves  to  shew 
the  appearance  of   these    instruments   from  another  stand-point. 
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A  striding  level  is  furnished  with  the  iiutniineiit,  to  be   used 
when  required  for  adjusting  the  axis, 
rig.  109. 


Ths  Poktablb  TsiXBiT  J: 
It  is  notMlletis  to  say  that  it  is  of  paramount  importance  that 
Fit'   110  ""  *''^  P"*"*^  ^  perfectly  rigid  and  free  from 

the  slightest   flexure,  for  this  would  Wtiate  the 
ol)servation8. 

The  transit  adjustments  are  4  in  number  ■. 
For  eorrect  observations  it  is  necessary — 

I,  That  the  wires  and  the  object  be  in  focus. 
Unless  this  is  so,  a  lateral  moTemeot  of  the 
observer's  head  will  cause  a  similar  apparent 
movement  of  the  wires.  This  is  called  the 
adjustment  hr  paralhix. 
2.  That  the  axis  on  which  the  telescope  moves  be  horizontal. 
This  is  the  adjustment  in  /erel. 

•  An  tliii  volume  »  deKifruHl   miiinly       cirrections.  uiit  expedient*  of*  techninl 
for    Rinstcuni.   anil    tu   sniatfura   mrely       cbM.icter.  rei|uired  for  tht  work  of  Iwg* 
nuke  uHe  of  the  truiKit  inatruinent  for       otnervKtories.  will   lie  p4aMd  orar.     For 
tbeee  we  LoemU'i  Pratt.  Att.,  pp.  J4-81. 


Anrangehekt  0 
n'lHEH  i-t  A  Transit 

iN'STRt'HI 
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3.  That  the  line  of  aight  move  in  a  vertical  circle,  perpen- 
dicular  to  the  horizontal  axis.  This  is  eometimes  called  the 
adjustment  of  the  line  of  collimation  in  azimuth. 

4.  That  the  vertical  circle  thus  described  coincide  with  the  plane 
of  the  meridian.     This  is  the  adjustment  for  error  in  azimuth. 


THI  TsAHBIT  iNHTBUmNT 


COKFIIU)  OSBKBVATOBT. 


5.  That  the  wires  be  truly  vertical  after  the  foregoing  adjust- 
ments have  been  performed. 

I**  adjustment.  Parallax.  Focus  the  wires  accurately  hy  means 
of  the  moveable  tube  carrying  the  eye-piece ;  turn  the  telescope 
on    some  well-defined  and  distant  object;  and  if  on  moving  the 
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eye  laterally  the  object  still  remains  bisected  or  covered,  as  the  case 
may  be,  the  instrument  is  in  adjustment  for  parallax.  If,  however, 
the  object  appears  to  move  with  respect  to  the  wires  when  the  eye 
moves,  the  wires  must  be  shifted  in  the  tube  ^  experimentally  till 
the  parallax  be  destroyed.  This  adjustment  frequently  occasions 
some  trouble,  but  when  once  performed  it  seldom  requires  renewal. 
The  maker  ought  to  attend  to  it. 

2^^  adjustment.     To  level  the  axis  on  which  the  telescope  turns. 

Place  upon  the  pivots  the  striding  level,  and  bring  the  air-bubble 
to  the  centre  of  its  run  by  turning  the  screw  which  is  under  one  of 
the  pivots  or  one  of  the  standards  (see  Fig.  208) .  Turn  the  level,  end 
for  end,  and  if  the  bubble  retains  its  middle  position  the  axis  is 
horizontal,  but  if  it  does  not  it  must  be  brought  back,  half  by  the 
pivot-screw  and  half  by  the  small  vertical  adjusting- screw  at  one 
end  of  the  level.  The  operation  must  be  repeated  several  times  if 
needs  be,  till  the  result  is  satisfactory  ^. 

3'*^  adjustment.  To  make  the  line  of  sight  move  in  a  vertical 
circle  at  right  angles  to  the  horizontal  axis. 

Turn  the  telescope  on  some  distant,  small,  and  well-defined 
terrestrial  object,*  and  bisect  it  with  the  centre  wire,  giving  an 
azimuthal  motion  by  means  of  the  screw,  if  necessary.  Elevate  or 
depress  the  telescope  to  see  whether  the  object  still  remains  bisected 
in  every  part  by  the  middle  wire  ;  if  not,  loosen  the  screws  which 
hold  the  eye-end  of  the  telescope  in  its  place,  and  turn  the  end 
round  very  carefully  until  the  error  is  removed.  Lift  up  the  whole 
instrument  bodily  from  the  Y^s  and  reverse  it,  end  to  end :  if  the 
object  is  still  bisected  by  the  centre  wire,  the  collimation  in 
azimuth  is  perfect ;  but  if  not,  move  the  centre  of  the  cross  wires 
half-way  towards  the  object  by  turning  the  small  screws  which 
hold  the  wire  plate,  and  if  this  half-distance  has  been  correctly 
estimated,  the  operation  of  adjustment  will  be  finished.  Again 
bisect  the  object  by  the  centre  of  the  cross  wires  by  turning  the 
•  ^imuthal  screw,  and  repeat  the  operation  till  the  object  is  bisected 


^  The  correction  would  b.*  oUtAined  by  *'  It  is  liere    assunieil    that   the   level 

lettin^r  u'.oiie  the  wires  ami  sliiftinj^'  the  itself  is  in  order.     Tt-strt  connected  with 

object -;4^1.isv3  in>tea<l,  but  coijn:;on   sense  levels  will  be  found  in  Luomis's  Prad, 

dictnles  which  is  the  better  cxjeditnt.  A»t ,  j»p.  46-7. 
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by  the  centre  of  the  cross  wires  in  both  positions  of  the  instrument^ 
and  the  adjustment  will  be  known  to  be  perfect. 

4^^  adjustment.  To  make  the  vertical  circle,  described  by  the 
telescope  when  moving  on  its  horizontal  axis,  coincide  with  the 
plane  of  the  meridian. 

The  axis  of  rotation  being  truly  level,  the  vertical  circle  passes 
through  the  zenith,  and  therefore  cuts  the  meridian ;  if,  then,  we 
can  make  it  touch  another  part  of  the  meridian,  it  follows  that  it 
will  everywhere  coincide  with  the  meridian. 

Choose  2, stars  differing  but  little  in  R.  A.,  one  crossing  the 
meridian  in  or  very  near  the  zenith,  the  other  as  near  the  S.  horizon 
as  may  be.  The  axis  of  the  instrument  being  supposed  level,  the 
vertical  circle  will  pass  through  the  meridian  at  the  zenith,  how- 
ever far  removed  therefrom  at  the  horizon.  A  star  in  the  zenith 
will  therefore  appear  to  cross  the  meridian  at  the  time  it  actually 
does  cross,  but  such  will  not  be  the  case  with  a  low  star.  If  the 
low  star  passes  the  meridian  too  early,  as  compared  with  the  com- 
puted time  of  transit,  the  plane  of  the  instrument  deviates  to  the 
E. ;  if  it  passes  too  late,  the  plane  deviates  to  the  W.  In  either 
case  the  error  must  be  corrected  by  the  azimuth-screw,  until  stars 
at  all  altitudes  indicate  the  same  amount  of  clock-error. 

The  reason  why  the  stars  selected  should  differ  but  slightly  in 
R.  A.  is  that  the  clock  employed  may  not  be  going  uniformly,  and 
therefore  the  observer,  if  he  finds  a  discrepancy,  will  have  no  means 
of  deciding  what  proportion  is  due  to  error  in  azimuth  and  what 
to  error  in  the  rate  of  his  clock ;  therefore  by  taking  stars  which 
pass  the  meridian  in  immediate  succession,  chances  of  error  from 
the  latter  cause  are  reduced  to  a  minimum. 

I  have  said  now  all  that  is  essential  to  this  method :  repeated 
star  observations,  and  repeated  trials  of  azimuthal-screw  turning, 
will  enable  the  observer  to  bring  his  instrument  into  perfect  ad- 
justment ;  but  if  he  is  not  averse  to  a  little  calculation,  one  pair  of 
stars  will  enable  him  to  complete  the  adjustment.  And  if  bacli*" 
weather  comes  on,  this  may  be  convenient : — 

Take   the  difference   between    the  observed  passages  of  the  2  < 
stars,  and  also  the  difference  of  their  computed  right  ascensions 
(calling  the  differences  -|-  when  the  lower  star  precedes  the  higher. 
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and  —  when  it  follows  it) ;  if  these  differences  be  exactly  equal,  the 
instrument  is  exactly  in  the  plane  of  the  meridian  :  if  they  are  not 
equal,  their  difference  (that  is  to  say,  the  diflerence  of  the  observed 
times  of  transit  minus  the  difference  of  the  computed  Right  Ascen- 
sions) will  point  out  a  deviation  from  that  plane  to  the  E.  of  S. 
when  it  is  -h,  and  to  the  W.  when  it  is  — . 

Let  b  be  the  difference  of  times  minus  the  difference  of  R.A., 
V  and  it'  the  North  Polar  distances  of  the  higher  and  lower  stars, 
and  A  the  latitude  of  the  place  of  observation  ;  then  x,  representing 
the  deviation  of  the  instrument  in  seconds  of  time,  will  be  found 
by  the  formula — 

X  B  8  sin  V  sin  v'  ootec  (v  —  w')  sec  X. 

Or,  in  words  ^,  To  the  log.  of  the  difference  of  times,  minus  the 
difference  of  R.A/s,  add  the  log.  sin.  of  the  N.P.D.  of  the  higher 
star,  th^  log.  sin.  of  the  N.P.D.  of  the  lower  star,  the  log.  cosec. 
of  the  difference  of  the  N.P.D.'s,  and  the  log.  sec.  of  the  latitude. 
The  sum  will  be  the  log.  of  the  azimuthal  deviation,  which, 
multiplied  by  15,  will  be  the  deviation  in  arc. 

The  value  of  a  revolution  of  the  azimuthal  screw  must  next  be 
determined. 

Note  the  sidereal  time  of  the  passage  across  the  centre  wire  of 
an  equatorial  star ;  turn  the  screw  quickly  through  a  revolution, 
so  as  to  bring  the  instrument  to  the  W.  of  the  meridian,  and  then 
note  the  time  of  the  second  passage :  the  interval  between  these 
2  passages  will  then  be  the  value  in  time  of  i  revolution  of  the 
screws.  Reduce  this  to  the  horizon  by  increasing  it  in  the  ratio  of 
the  cosine  of  latitude  to  radius. 

The  following  modification  of  this  method  will  yield  a  better 
result  at  the  cost  of  a  little  more  trouble : — 

Determine  the  clock  error  by  3  or  4  stars  of  nearly  the  same 
declination,  and  following  one  another  in  as  close  succession  as 
possible,  to  eliminate  chances  of  error  through  want  of  uniformity 

^    The    lower    star    may  be    in    the  is  possible  to  abbreviate  the  expression 

Northern  horizon,  so  £ftr  as  the  principle  of  the  rule  by  confining  one's  attentiorf 

of  this  rule  is  concerned ;    but  as  practi-  to  such  a  star,  the  terms  of  the  above 

cally  a  Southern  star  is  preferable,  and  it  are  modified  aocordint^ly. 
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in  the  rate  of  the  clock.  Turn  the  azimuthal  screw  through 
several  revolutions^  and  take  a  second  batch  of  stars;  then  the 
difference  of  the  clock-error  shewn  by  the  two  sets,  divided  by  the 
number  of  revolutions,  will  be  the  value  of  i  revolution.  Reduce 
to  the  horizon  as  before. 

Knowing  the  arcual  value  of  i  revolution,  and  the  azimuthal 
deviation  by  the  former  portion  of  the  calculation,  the  instrument 
may  be  readily  brought  into  the  meridian.  Then  another  pair  of 
stars  should  be  taken  to  ascertain  the  result  of  the  operations. 

Example. 
Observations  taken  at  East  Bourne,  Sussex,  July  ii,  1858 : — 


High  star,  a  Coronse 
Low  star,  $  Opbiuchi 


Observed  PMsage. 
h.    m.      8. 

15  38     6-36 

16  6  30*50 

-  38  14*34 

-  38  l3-4« 


NoMt.  Aim, 
h.    m.     8. 

15  38  40*41 

16  6  53*83 

-  38  13*42 


—  0*83  DiscrepaDcy. 


Therefore  instrument  is  W.  of  S. 

Discrepancy  0*8  a* 
»  N.P.  D.  of  a  Coronae      63**  48' 
»'  N.P.D.  of  e  Ophiuchi  93°  19' 
t'-t  diff.  of  N.P.D.         30°  31' 
X  lat.  of  East  Bourne        50""  46'  33" 


log.  «= 

log.  sin.  s= 
log.  sin.  a 
log.  co8ec.=: 
log.  sec.     s 


■  1*9138139 
9-9491051 

9*9993730 

10*3943167 

10*1990088 


3a674>  =  0*3555165 
15 


"3370 
43674 

34'Oiio 


Therefore  the  azimuthal  deviation  was  34'oi"  W.  of  S. 


i/u 
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The  following  will  be  found  convenient  pairs  of  stars  for  the 
latitude  of  the  south  of  England  : — 

f  a  Caasiopeiap,  r  *  Ureae  Majoris,  |  r  $  Ophiuchi, 

I  /8  Ceti.  t  o  Hydre.  1  /9  Draconw. 

r  a  Persei,  r  a  Hydne,  f  7  DraconiB, 

1 7*  EridaDi.  \  $  Vnx  Majors.  '  \  /n*  Sagittarii. 

{<  Leporis,  j  7  Unue  Majorix,  r  p  Capricorni, 

a  Aurigie.  I  I  •  Corvi.  1  \  a  Cygni. 

Finally,  the  vertieality  of  the  wires  has  to  be  attended  to. 
Direct  the  telescope  to  some  distant  but  well-defined  object.  If  on 
moving  the  telescope  in  altitude  this  object  remains  cut  precisely 
in  the  same  place  by  the  central  wire  from  the  top  to  the  bottom 
of  the  field,  the  wire  is  perpendicular  to  the  horizontal  axis.  If  not, 
the  screws  holding  the  wire-plate  must  be  loosened,  and  the  i)late 
gently  shifted  until  complete  bisection  is  secured :  several  trials 
may  be  requisite.  The  other  vertical  wires  are  placed  by  the  maker 
as  nearly  as  possible  equi -distant  and  parallel  to  the  centre  one, 
and  likewise  the  horizontal  ones  at  right  angles  to  it. 

The  instrument  being  thus  in  complete  adjustment,  observations 
may  be  commenced  ^, 

The  observer  conveniently  seated  witli,  tUe  circle  set  to  the  de- 
clination of  the  star  to  be  taken,  so  soon  as  it  enters  the  field 
(which  with  an  inverting  eye-piece  it  does  on  the  W.  side,  except 
when  below  the  Pole)  takes  from  the  clock  a  second,  and  continues 
the  reckoning  mentally  till  the  star  passes  the  first  wire ;  if  this  is 
exactly  coincident  with  the  beat  of  the  clock,  the  figure  is  noted 
down ;  if,  however,  as  is  usually  the  case,  the  star  passes  the  wire 
between  one  beat  and  another,  then  the  exact  moment  must  be 
estimated  and  set  down  as  a  decimal.  This  is  done  for  all  the 
wires,  and  a  mean  being  taken  gives  a  value  more  reliable  than 
that  which  would  have  been  obtained  from  the  centre  wire  singly. 

The  observations  are  then  reduced  as  below ;  the  sum  of  the 
seconds  is  multiplied  by  '2  (equivalent  to  dividing  by  5).    To  make 

*>  With  large  instruments  it  is  found  constants   of  correction.     The   amateur 

preferable  not  to  attempt  to  bring  them  who  simply  i-equires  to  find  the  time  has 

into  perfect  adjustment,  but  when  nearly  no  need   to   trouble  himself  with  these 

so  to  take  into  account  residual  errors  by  niceties. 
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the  product  coincide  with  the  middle  wire  it  may  be  requisite  to 
add  or  subtract  i%  or  %^.  The  amended^  figures  are  then  set  forth 
in  juxtaposition  with  the  computed  R.A.  of  the  star,  and  the 
clock-error  is  arrived  at.  If  the  computed  time  be  less  than  the 
observed,  the  clock  is  fast,  and  vice  versa. 

Examples. 

The  following  transits  were  taken  at  Uckfield  on  Sept.  15,  1864, 
by  2  different  observers : — 


^Dnuxmia. 

a  Aquils. 

tPegaai. 

m.      a. 

in.     8. 

m.      8. 

Wire     I 

44*4 

..       ..             489      ••       • 

11-4 

M      II 

4*5 

..       ..                19      ..       . 

33-8 

,.    Ill 

•      37  74-3 

..       ..      44   141      ..       .. 

37  35*9 

,.     IV 

447 

..       ..              268      ..       . 

487 

..      V 

.r9    • 

.       ..              38-4      ..       . 

0-5 

121*8 
•2 

2436 


1 30- 1 


•2 


26*2 
13 

14*02 


R.A.  of  Star 
Obs.  PauA. 


Clock 


h.    m.    8. 
17   27  22*63 

17   27   24-36 


h.    m.     8. 
19   44    12-27 

19   44    14-02 
+    17s 


iaO-3 

-a 

24-06 
+  12 

36*06 

h.    m.     8. 
«i  37  3433 
a  I  37  3606 

+  1*74 


The  three  results  differ  by  only  ^^  of  a  second  I  As  the  stars 
differed  in  time  by  4**,  and  in  declination  by  44°,  it  was  reasonable 
to  infer  that  not  only  was  the  clock-rate  uniform  but  that  the 
instrument  was  also  in  adjustment  in  azimuth. 

The  Sun,  Moon,  and  larger  planets  may  be  turned  to  account  for 
ascertaining  the  time,  but  the  observations  are  more  troublesome 
and  the  results  less  reliable. 

In  taking  observations  of  the  Sun,  the  time  of  the  transit  of 
its  centre  is  the  time  required,  but  as  it  would  be  impossible  to 
estimate  this  accurately,  the  time  of  each  limb  coming  in  contact 
with  each  wire  is  noted,  and  a  mean  then  gives  the  required  result. 
If  only  one  limb  be  observed,  to  the  mean  of  the  passage  over  each 
wire  must  be  added,  or  from  it  must  be  subtracted  (according  as 

u  u  2J 
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the  I"*  or  2"**  limb  is  observed),  the  duration  of  the  passage  of  the 
semi-diameter  as  g^ven  in  tlie  Nautical  Almanac,  and  the  result  must 
be  compared  with  the  time  of  the  transit  of  centre  there  stated. 

Example. 
The  following  transit  was  taken  at  Uckfield  on  Sept.  i6, 1864 : — 


•)'•  lit  limb. 

•?•'• 

2nd  limb. 

h.    m.      •. 

h. 

m.      s. 

Wire      I      .. 

30-0     . .       . . 

380 

,.       II     .. 

43*8      ..       .. 

•   • 

500 

II     III     .. 

ii  39  547     ••      • 

II 

4a     ^'5 

II     IV     .. 

7*8     ..      .. 

•   • 

'5*5 

II       V     .. 

19*2 
'545 

•  • 

i6-8 

I3»8 

• 

'2 

•2 

30-90 

16-56 

+  34 

54-90 

-  M 

2-56 

Combining  these  two  results : — 

h. 

m.        s. 

11 

39     5490 

11 

42       1-56 

2)^3 

ii     5746 

II     40     58-73  =s  Observed  passage. 

Then  combining  this  with  the  computed  passage  as  given  in  the 
Almanac : — 

h.       m.        s. 
K.  A.  of  Sun     ..  ..      II     40     56*51 

Obs.  Pass.  II     40     58*73 


Clock  +2*22 

In  taking  transits  of  the  Moon,  only  the  bright  limb  can  be 
observed '.  The  time  of  the  centre  transit  can  however  be  deduced 
by  the  use  of  tables. 

In  observing  transits  of  the  larger  planets,  it  is  recommended 
that  one  limb  be  observed  at  the  I'S  3"^,  and  5***  wires,  and  the 
other  at  the  2°^  and  4*** ;  then  the  mean  of  these  observations  will 
give  the  passage  of  the  centre. 

'  Sometimes  when  the  Moon  is  very  near  its  full  phase  both  limbs  are  observed, 
a  small  correction  for  defective  illumination  being  applied. 
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In  practice  it  will  frequently  happen  that  owing  to  clouds^  or 
other  causes,  the  ti*ansit  of  an  object  across  each  wire  cannot  be 
noted.  In  this  case,  provided  the  star's  declination  be  known,  the 
imperfect  set  can  be  reduced  without  difficulty  to  the  centre  wire ; 
and  thus  the  instant  of  meridian  passage  can  be  ascertained. 

If,  however,  observations  at  corresponding  wires — as  for  instance^ 
the  1  **  and  5***,  or  the  a"^  and  4*^^ — ^have  been  obtained,  and  the 
angular  interval  between  the  wires  is  exactly  the  same,  the  time 
for  the  centre  wire  can  be  arrived  at  by  simply  taking  a  mean.  On 
the  other  hand,  supposing,  as  will  usually  be  the  case,  that  the 
wires  observed  are  not  only  not  corresponding  ones,  but  are  not  all 
equally  distant  from  the  centre  wire,  a  formula  of  reduction  must 
be  made  use  of. 

The  equaioriul  intervals  of  the  wires  must  first  be  ascertained  : 
that  is,  the  time  occupied  by  stars  exaMy  on  the  equator  in  passing 
from  wire  to  wire. 

Take  a  star  whose  declination  is  known. 

To  the  log.  of  the  interval  occupied  by  the  star  in  passing  from 
any  wire  to  the  centre  wire  add  the  log.  cosine  of  the  star's  declina- 
tion ;  the  sum,  rejecting  10  from  the  index,  will  be  the  log.  of  the 
equatorial  intervals. 

Having  determined  the  intervals  for  all  the  wires  several  times 
over  by  stars  of  different  declinations,  a  mean  of  each  may  be  taken 
and  kept  as  a  constant. 

The  observer  is  now  in  a  position  to  complete  an  imperfect 
transit. 

To  the  log.  of  the  equatorial  interval  add  the  log.  secant  of  the 
star's  declination ;  convert  the  product  into  its  natural  number, 
and  subtract  the  same  from  or  add  it  to  the  centre  wire,  according 
as  the  missing  wire  precedes  or  follows  the  centre  one. 

Example. 


By  a  transit  of  a  Leonis  (declination  -f  12°  37'  36-5")  the  follow- 
ing wire-intervals  were  found  : — 


I  to  centre  . . 
II  to  centre  . . 


I2'5 


Centre  to  IV.. 
Centre  to  V  . . 


I  a  •6" 
34"5 
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And  on  Sept.  15, 1864,  observations  of  16  Pegasi  over  4  wires  were 
obtained  as  follows  : — 


h. 

ni.        1. 

JXTQ 

I    .. 

3>-7 

»» 

II    .. 

y» 

Ill    .. 

ai 

4<^    585 

»t 

IV  .. 

117 

*t 

V  .. 

24*6 

Fill  in  the  missing  wire,  and  deduce  the  error  of  the  clock. 

Here  the  missing  wire  was  the  2"**,  and  by  a  Leonis  the  interval 
between  the  2"^  and  centre  wires  was  i2'5*:  the  equatorial  interval 
corresponding  to  this  must  first  be  found  : — 


Interval  12*5" 

Decl.  of  a  Leonb,  +  la'  37'  36*5" 


log.         <=  1-0969100 
log.  co«.  =  9'9893674 


log.  eq.  int.  =  1*0862774 


The  transit  can  now  be  completed. 

Interval  wires,  II  and  III 

Decl.  of  16  Pegasi,  +  35**  if  411" 


log.       «    1*0861774 
log.  aec.s*  10-0437711 

log.  11300485  =  I3'49>' 

The  missing  wire  therefore  preceded  the  centre  wire  i3-49i',  and 
the  whole  result  becomes : — 

h.      m.         *, 
R.A.  ofStar    ..      ai     46     5650 


Wire      I 

317 

„        II       .. 

450 

„      III       . . 

..      46  68-5 

M       IV       .. 

117 

„         V       .. 

34*6 

»7i-5 

'2 

34-30 

+    24 

Obs.  Pa»8. 


Clock 


»i     46     5830 
+  I  80 


58-30 

A  result  fairly  accordant  with  those  given  on  p.  659,  when  it  is 
borne  in  mind  that  the  equatorial  interval  was  deduced  from  a 
single  star. 

The  large  transits  to  be  found  in  first-class  observatories,  and  com- 
monly termed  '^  transit  circles/^  arc  used  for  determining  with  the 
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greatest  accuracy  the  right  ascension  of  heavenly  bodies.  For  such 
purposes  the  portable  transit  is  unsuited,  except  for  approximations, 
its  chief  use  being  to  ascertain  the  time  and  the  latitude  ^. 

With  reference  to  the  former  problem  it  may  be  well  to  mention, 
what  probably  most  people  know,  that  the  observed  time  of  the 
Sun's  centre  passing  the  meridian  is  only  the  instant  of  apparent 
7100)1 ;  the  time  of  mean  noon,  in  use  in  the  civil  reckoning  of  time, 
must  be  deduced  from  the  apparent  by  means  of  an  equation-of- 
time  table  **. 

The  time  shewn  by  a  sidereal  clock,  when  any  celestial  object 
crosses  the  meridian,  should  coincide  with  its  Tabular  Right 
Ascension.  The  difference,  then,  between  the  time  shewn  by  the 
clock  and  the  R.A.  as  tabulated  is  the  clock-error,  as  before 
explained  K 

The  following  is  the  method  for  determining  in  the  simplest 
way  the  latitude  by  means  of  the  transit  instrument : — 

Observe  the  Pole-star  when  on  the  meridian  (either  culmination 
will  do,  but  the  upper  is  preferable),  and  make  it  pass  along  the 
horizontal  wire ;  read  the  circle.  Reverse  the  instrument  promptly, 
and  again  read  the  circle,  levelling  the  axis  both  before  and  after 
reversal.  The  two  readings  will  give  an  arc  =  twice  the  Zenith 
Distance  —  twice  the  refraction.  Halve  the  arc  and  add  the 
correction  for  refraction  due  to  altitude.  This  half-sum  increased 
or  diminished  by  the  star's  Polar  Distance  (obtained  from  the 
Nautical  Almatiac),  according  as  the  upper  or  lower  culmination 
was  observed, = the  star's  Zenith  Distance,  which,  subtracted  from 
90°,  gives  the  latitude. 

K  Two  valuable  papers  on  determining  this     chapter,    the    reader    is    referred 

the  latitude  with  the  Transit  Instrument  to   the   English    Cyclopadia,    Arts  and 

will  be  found  in  the  3fcmatr8  R.A.S.,  vol.  Sciences  div.,  art.   Transit;  where  will 

xxviii.  p.  135  e^  seq.  be  found  incomparably  the  best  treatise 

^  See  above,  p.  422.  on  the  Transit   Instrument  extant.     It 

'  For    a    further    elucidation   of   the  was  written,  I  believe,  by  the  Rev.  R. 

details  connected   with   the  subject    of  Sheepshanks,  M.A. 
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CHAPTER    V. 


THE   SEXTANT. 

Description  of  the  instrument. — 7%e  optical  principie  on  which  it  depends. — It*  adjitsl- 
ments. — Corrections  to  be  applied  to  obserratiotts  made  with  it. — Method  of  finding 
the  Sun's  zenith  distance.— The  aHifidal  horizon. —To  find  the  latitudc.—To  deter- 
mine the  time. 

THE  Sextant »,  sometimes  called  from  its  inventor  "  Hadley's 
Sextant/'  is  a  graduated  arc  of  a  circle,  with  certain  acces- 
sories so  arranged  that  it  can  be  employed  to  measure  angular 
distances,  especially  of  celestial  objects.  It  is  an  instrument  of 
great  practical  importance  to  the  navigator  and  traveller  for 
determining  the  time,  the  latitude,  and  the  longitude.  Though 
less  directly  an  astronomer's  instrument  than  those  we  have 
hitherto  considered,  it  is  often  valuable  for  purposes  strictly  as- 
tronomical— such  as  ascertaining  the  time,  and  fixing  the  positions 
of  comets,  from  which  right  ascensions  and  declinations  can  be 
derived. 

Fig.  212  is  a  representation  of  the  sextant  in  its  usual  form.  It* 
flat  surface  is  called  the  plane  of  the  instrument,  eg  \%  the  arc  or 
limhy  reading,  by  the  vernier  attached  to  the  moveable  radius  afy  to 
30",  20",  15",  or  10"  (and,  rarely,  to  5"),  as  the  case  may  be.  a  is 
the  silvered  index-gliiss,  provided  with  screws  for  its  adjustment. 

*   Sir  J.  Herschel,   Outlines  of   Ast.,  Prart.  ^^^^,  j>.  96  ;  Galbraith  and  Haugh* 

p.  115;  Phil.  Trans.,  vol  xxxvii.  p.  147,  ton.  Optics,  p.  63  ;  Heather,  Jfaf A.  JTntffr.. 

1731  ;    Pearson,   Pract.  Ast.^  vol.  ii.  p.  p.  137  ;   Sinmirt,  Treat,  on  lustr.,  p.  49  ; 

572  ;    Nautical  Magazine,  vol.  i.  p.  351  ;  Young,    Nautical    Astronomy,    p.    17a  ; 

£nglish  Cyclopasdia,  art.  Sextant;  Loomis,  Narrien,  Ast.  and  Geo.1.,  p.  98. 
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At  b  are  the  fore-thadei,  or  screens  of  colouredfglaas.     e  is  the 
AorizoH-fflasa,  the  tower  half  of  whicK  is  silvered,  and  which  idso 
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has  screws  for  its  adjustment.  At  d  are  the  back-tiadei  or  screens, 
also  of  coloured  glass,  h  is  the  telescope — an  accessory  which 
should  always  be  used  when  reliable  r<?sults  are  desired,  but  which 
is  not  an  essential  feature  of  the  instrument,  nf  is  the  moveable 
radius,  canyiug  at  one  end  the  index-glass  and  at  the  other  a 
vernier.  This  is  read  by  a  microscope,  or  its  equivalent.  Slow 
motion  is  imparted  to  the  radius  by  a  tangent  screw. 

The  principle  of  the  sextant  depends  on  the  practical  application 
of  the  following  theorem  in  optics  :  That  when  a  rag  of  light,  pro- 
ceeding in  a  plane  at  right  anglet  to  each  of  2  plane  mirrors  whicA 
are  inclined  to  each  other  at  any  angle  whatever,  m  saccemrely  re- 
jected at  the  plane  »urface»  of  each  of  the  mirrors,  the  total  deviation 
of  the  ray  is  double  the  angle  of  inclination  of  the  mirror. 

The  adjustments  of  the  sextant  are  5  in  number.  It  is 
necessary — 

1.  That  the  indes-glass  should  be  perpendicular  to  the  plane  of 
the  instrument. 

2.  That  the  horizon-glass  should  be  perpendicular  to  the  plane 
of  the  instrument. 

3.  That  the  horizon-glass  should  be  parallel  to  the  index-glass 
when  the  zero  of  the  vernier  coincides  with  the  zero  of  the  arc. 
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4.  That   the    line    of  eollimation^  or   the   optical   axis  of  the 
telescope,  be  parallel  to  the  plane  of  the  sextant. 

5.  That  the  index  error  be  known. 

These  several  adjustments  will  now  be  descril>ed  *\ 

I"*  adjustment.  To  determine  whether  the  index-glass  is  per- 
pendicular to  the  plane  of  the  instrument. 

Bring  the  vernier  to  the  middle  of  the  arc,  and,  with  the  limb 
turned  away  from  you,  look  obliquely  into  the  mirror ;  then  if  the 
reflected  and  true  ares  appear  as  one  continued  arc  of  a  circle,  the 
index-glass  is  in  adjustment — i.  e.  is  perpendicular  to  the  plane  of 
the  instrument.  If  the  index-glass  is  not  in  adjustment,  the 
screw-driver  must  in  this  and  other  cases  be  called  into  use. 

2"^  adjustment.  To  determine  whether  the  horizon-glass  is  per- 
pendicular to  the  plane  of  the  instrument. 

With  the  zero  of  the  vernier  coinciding  with  the  zero  of  the  arc, 
hold  the  sextant  horizontally,  and,  looking  at  the  horizon,  observe 
if  the  reflected  and  real  horizons  appear  as  one  continuous  or 
unbroken  line :  or,  otherwise,  hold  the  instrument  perpendicularly, 
and  look  at  any  convenient  object,  such  as  the  Sun;  sweep  the 
index-glass  along  the  limb,  and  if  the  reflected  image  pass  exactly 
over  the  direct  image  without  any  lateral  projection,  the  horizon- 
glass  is  perpendicular  to  the  plane  of  the  instrument. 

3^**  adjustment.  To  determine  whether  the  horizon-glass  is 
parallel  to  the  index-glass  when  the  zero  of  the  vernier  coincides 
with  the  zero  of  the  arc. 

Hold  the  instrument  in  a  vertical  position,  and  through  the 
telescope  look  to  the  horizon,  and  observe  if  the  reflected  and  real 
horizons  form  one  continuous  or  unbroken  line ;  if  they  do,  the 
horizon-glass  is  parallel  to  the  index-glass. 

4**»  adjustment.  To  make  the  line  of  coUimation  parallel  to  the 
plane  of  the  instrument. 

Fix  the  telescope  in  its  place,  taking  care  that  2  wires  are 
parallel  to  the  plane  of  the  instrument ;  select  2  objects  (such  as 
the  Sun  and  the  Moon,  or  the  Moon  and  a  bright  star)  more  than 
90°  distant  from  each  other,  and  bring  them  into  contact  on  the 

*»  RoBser's  Navigation,  p.  197. 
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wire  nearest  the  instrument.  Then  slightly  move  the  sextant,  and 
see  how  they  appear  on  the  other  wire.  If  they  are  still  in  contact, 
the  line  of  collimation  is  in  adjustment :  but  if  the  objects  separate 
when  brought  to  the  farther  wire,  the  object-glass  end  of  the 
telescope  inclines  (awards  the  plane  of  the  sextant ;  if  one  overlies 
the  other,  the  telescope  declines  from  the  plane. 

5***  adjustment.     To  determine  the  index  error. 

Measure  the  Sun's  diameter  on  the  arc  of  the  instrument  and  on 
the  arc  of  excess,  which  is  done  by  holding  the  sextant  perpen- 
dicularly and  bringing  the  real  and  reflected  Suns  in  exact  contact 
on  each  side  of  zero.  Half  the  difference  of  the  %  readings  will  be 
the  index  error — which  is  additive  when  the  reading  on  the  arc  of 
excess  is  the  greater ^  but  subtractive  when  the  reading  on  the  arc 
is  the  lesser  of  the  2. 

To  test  the  accuracy  of  these  readings  off  and  on,  add  them 
together  and  divide  the  sum  by  4.  The  quotient  thus  obtained 
should  agree  (approximately)  with  the  semi-diameter  of  the  Sun 
given  in  the  Nautical  Almanac  for  the  day  of  observation.  If 
there  is  a  considerable  discrepancy,  the  readings  are  erroneous. 

Suppose  that  on  Dec.  25,  1866,  the  following  readings  were 
taken : — 


Reading  off  . . 
Reading  on  . . 

/      // 
+  34    0 

-31  30 

:»)'8  semi 

34    0 
31  30 

.'.  Index  error 

3)     a  30 
+    I  15 

4)  65  30 
-diameter       i6  ai 

Presuming  that  his  sextant  is  in  adjustment,  and  its  index  error 
known,  and  that  the  altitude  of  some  celestial  object  has  been 
taken,  the  observer  must  apply  several  corrections  before  he  can 
arrive  at  the  true  altitude  of  its  centre.  If  the  object  be  the  Sun 
or  the  Moon,  these  corrections  are  4  in  number ;  if  the  object  be 
a  fixed  star,  they  are  only  2.  In  the  former  case  the  corrections 
are  for  dip,  refraction,  semi-diameter,  and  parallax ;  in  the  latter, 
for  dip  and  refraction. 

I.  Dip,  The  correction  for  dip  is  subtractive,  for  when  observa- 
tions are  made  from  the  deck  of  a  ship  the  sea-horizon  dips,  or  is 
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depressed^  below  the  level  of  the  sensible  horizon^  and  makes  the 
observed  altitude  to  be  greater  than  the  true  apparent  altitude. 
The  following  is  a  table  of  this  correction  : — 


Height 

Dip. 

Height.    1 

Dip. 

Height.    1 

Dip. 

Height 

Dip. 

Height 

• 

5 

ft. 

1 

ft. 

/  // 

ft. 

/  f/ 

ft. 

1 

ft. 

/  /» 

1  ' 

0  59 

10 

3  3 

1  19 

4  13 

i  28 

5  » 

65 

748 

2 

I  23 

II 

3  n 

20 

4  30 

■  29 

S  U 

70 

8  6 

3 

I  40 

12 

3  31    ; 

31 

4  36 

30 

5  18 

75  ; 

8  23 

4 

I  56 

13 

3  29 

23 

4  32 

35 

5  43 

80 

1 

8  39 

5 

2    10 

14 

3  37 

23 

4  39 

40 

6  7 

«•^ 

855 

6 

1  31 

15 

3  45 

U 

4  45 

45 

6  39 

90 

9  " 

7  ' 

a  33 

16 

3  52 

25 

4  51 

50 

651 

95 

9  36 

8 

2  43 

'7 

3  59 

36 

456 

55 

7 "  . 

100 

9  41 

9 

1 

2  54  ■! 

1  ■ 

i 

18 

4  6 

27 

5  2 

1 

60 

730  '■ 

1 

110  ; 

1 

10  9 

- 

2.  Refraction.  The  correction  for  refraction  is  also  sublracfire. 
For  an  account  of  this  phenomenon^  see  anfe,  p.  250 ;  and  for  tables, 
see  posf',  Book  X. 

3.  Semi 'diameter.  The  Sun,  Moon,  and  important  planets,  have 
large  visual  discs,  consequently  only  the  limbs  are  observed,  and  in 
practice  the  lower  limb  by  preference.  To  obtain  the  altitude 
of  the  centre  we  must  add  the  semi-diameter  to  the  altitude  of 
the  Imcer  limb,  or  subtract  it  from  the  altitude  of  the  npper.  The 
semi-diameters  of  the  Sun,  Moon,  and  principal  planets  are  given 
in  the  Nautical  Almanac  for  each  day  of  the  year. 

4.  Farallax,  The  correction  for  parallax  is  ad4itive,  for  in  the 
case  of  the  Sun,  Moon,  and  ])lanets,  the  altitude  taken  on  the 
Earth's  surface  is  less  than  what  it  would  be  if  our  observations 
were  made  at  the  same  moment,  at  the  Earth's  centre,  and  the 
altitude  were  measured  from  the  rational  horizon;  and  this 
difference  between  the  apparent  and  the  geocentric  place  of  a 
celestial  body  is  its  parallax  in  altitude.  When  the  body  is  in  the 
horizon  the  parallax  (then  called  the  horizontal  parall<x^)  is  greatest : 
in  the  zenith  it  vanishes  altogether.  The  fixed  stars,  owing  to 
their  great   distance,   have   no  horizontal   parallax :    that  of  the 
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Sun  is  about  9";  that  of  the  Moon  ie  not  only  a  large,  but  it  ie  a 
variable  quantity;  that  of  Mare  may  amount  to  19";  and  that  of 
Jupit«r  to  2". 
The  following  is  a  table  of  the  Sun's  parallax  in  altitude : — 


Alt 
Par 

I 

>S  3" 

° 
33 

.  1  , 
39  4» 

• 
48 

SI 

S?l6o  G6 

69  ^2 

3  3 

75  78  B. 

S4 

90 

9 

9 

S   3 

7 

;|". 

i 

5 

S   4  4 

The   horizontal  parallax  of  the   Moon   will  be   found  in  the 
Nautical  Altnanac. 

SUMMABY  OF  COBEECTIONS  TO  BE  APPLIED  TO  AN  OBSEBVED 
ALTITUDE  OF  THE  SUN. 

1 .  Index  error  ;   +  or  — . 

2.  Dip;  always  — . 

3.  Sefraction;  always  — . 

4.  Semi-diameter;   +  or  — . 

5.  Parali-aj^ ;  always  + . 


FROM  THE  OBSERVED  ALTITUDE  OF  THE  8 
SUNS  ZENITH   DISTANCE. 


J  TO  FIND  THE 


I.  Summariee  Ike  correctiont  nee^itlfor  obtaining  the  true  altitude. 

II.  Suitracl  tie  true  altitude  from  90°,  and  the  remainder  m  tie 

zenith  distance. 
Example. — Jan.  i,  1867.     Given,  the  observed  altitude  of  the 
Sun's   lower  limb,  40°  30'  30" ;    index   error,  2'  50"  subtractive ; 
height  of  eye,   18  feet.     To  find  the  true   altitude,  and  thence 
the  zenith  distance  of  the  Sun's  centre. 


+  16  18 


Dip 
BefTsctioQ .  ■ 
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8un'>  obterved  aJtitnde  . .  40  lo  30 

CoTTBCtioDI  ..  ..  . .        -f  8    II 

Hull's  true  altitude    ..  ..  ..,         401851 

11. 

Sun 'h  true  filtitnde  ..  40  iS  51 

.'.  8un's  zenilh  dubMiee 49  3<     9 

*,*  When  the  Sun  i»  N.  of  the  obaerrer  tbe  »nith  iliatBnoe  it  S.,  bdiI  rice  rrrtd. 

Tlie  procedure  in  dealing  with  the  Moon,  a  large  planet,  or  a 
star,  is,  mufalh  mvtandit,  according  to  what  has  gone  before, 
the  same. 

A  word  about  the  "  artificial  horizon." 

This  is  a  mere  rectangular  platform,  of  an  area  of  20  or  30 
square  inches,  with  raised  sides  and  {sometimes)  4   feet,  two   of 
Fig.  aij.  them  provided  with  coarse  adjusting- 

screws  for  levelling. 

Over  the  whole  fits  a  case,  with  a 
sloping  roof  covered  with  glass  of 
good  quality,  to  protect  from  wind 
the  platform,  on  which  is  poured 
out  the  quicksilver  which  forms  the 
horizon. 
Thb  Artiwoial  Hohizon.  ^^^^^  ^^  artificial  horizon  is  used 

the  ilip  docs  not  affect  the  observed  altitude  of  a  heavenly  body, 
but  the  angle  read  off  in  the  ihulile  of  the  actual  nngle  of  altitude. 
Therefore — 

TO  OBTAIN   THE  TRUE   ALTITUDE   OF  A  HEAVENLY   BODY  FROM 
OBSERVATIONS  WITH  AN  ARTIFICIAL  HORIZON. 

I.  To  the  obaeneil  angh  apply  the  tudex  error. 

II.  Diri/le  fie  sum  or  the  remainder  by  2,  and  (he  quolieni  vill  be 

the  apparent  altitude. 
HI.  Tketi  apply  the  several  correctiontjvr  rej'ract'ion ,  semi -diameter, 

and  pnralhx,  as  the  case  may  require. 
It  !«eems  needless  to  offer  an  example  of  so  simple  a  rule. 
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TO  FIND  THE  LATITUDE. 

This  is  both  an  astronomer's  and  a  navigator's  problem,  and 
each  uses®  a  method  which  is  not  naturally  open  to  the  other. 
The  astronomer,  in  a  fixed  observatory,  employs  a  fixed  instrument 
(the  transit)  and  an  artificial  horizon;  the  navigator,  always  in 
motion,  employs  a  portable  instrument  (the  sextant)  and  the 
natural  horizon.  But  an  astronomer  may,  and  often  does,  work 
with  a  sextant :  therefore,  for  the  use  of  astronomers,  I  shall  give 
a  simple  sextant  method  which  is  also  available  for  travellers  in 
foreign  climes. 

The  observations  for  altitude  of  a  circumpolar  star  at  its  upper 
and  lower  transits  furnish  the  best  (and  at  the  same  time  the 
simplest)  method  of  determining  the  latitude,  because  the  observer 
is  independent  of  uncertainty  in  the  value  of  the  star's  declination, 
and,  to  a  very  large  extent,  is  independent  of  refraction  also. 

The  first  and  most  delicate  stage  in  the  operation  is  to  obtain  a 
zero  point  from  which  to  measure  the  angular  distance  of  the  star. 
Tliere  are  three  zero  points  available,  any  one  of  which  may  be 
employed  according  to  the  taste  of  the  observer ;  viz.  the  zenith, 
its  correlative  the  nadir,  and  the  horizon :  the  first  two  are  in 
practice  derived  from  the  vertical  floating  collimator,  and  the  third 
indifferently  from  the  horizontal  floating  collimator  or  the  artificial 
horizon.  On  the  whole,  the  amateur  astronomer  working  with  a 
transit  instrument  will  find  it  most  convenient  to  use  the  artificial 
horizon. 

A  traveller's  method  of  determining  the  latitude  is  the 
following : — 

I.  Find  the  true  zenith  distance  of  the  Sun's  centre  [as  in  the 

process  on  p.  669] . 

II.  Convert  the  local  apparent  time  into  Greenwich  apparent  time 

[the  means  of  ascertaining  local  apparent  time  will  be 
explained  priesently],  using  the  table  post,  Book  X,  to 
turn  the  longitude  into  time. 

III.  Correct  the  Sun's  declination  [Naut,  Aim,,  p.  I.  of  each  month] 

^  Or  '  generally  finds  it  convenient  to  use/  for  there  are  varioiu  inethods  possible. 
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for  the  Greenwich  apparent  time  by  taking  proportional  parts 
of  the  diurnal  change  ^, 

IV.    Under  the  zenith  distance  put  the  corrected  declination ,  each 
with  its  proper  name  N.  or  S. 

*»*  If  both  are  N.  or  both  S.,  add  them  together,  and  the  sum  is  the  latitude 

N.  or  8. 
If  one  is  N.  and  the   other  8.,  their   difference  is  the  lat.  ;  of  the  same 

name  as  the  greater. 
When  the  decl.  is  o^  the  zen.  dist.  is  the  lat. ;  of  the  same  name  as  the 

zen.  dist. 
When  the  zen.  dist.  is  o,  the  decL  is  the  Ut. ;  of  the  same  name  as  the  decl. 
When  the  zen.  dist.  and  the  decl.  are  equal,  but  one  is  N.  and  the  other  S., 

the  lat.  is  o'',  and  the  observer  is  on  the  equator. 

We   will  now  work   out    the   foregoing    rule,   borrowing    tbe 
materials  which  are  to  be  found  on  p.  669. 


I. 

0 

t          n 

The  zenith  distance  of  the  Sun*s  centre  is 

•  • 

49 

3>    9N 

II. 

d. 

h.    m. 

Local  apparent  time,  Jan. 

•  • 

1 

3  45 

Longitude,  77°  30' W. 

•  • 

•  • 

+ 

5    10 

Greenwich  apparent  time,  Jan. 

I 

7  55 

III. 

0 

/    // 

Sun's  declination,  Jan.  i    . . 

•   . 

23 

6    9  S. 

,,           „         tian.  2     •  •          . .         ^ . 

•  • 

•  • 

23 

1  29 

Daily  variation 

— 

4  40 

.*.  Variation  for  7^  35™=  i' 

28" 

0 

/      // 

Sun's  declination,  Jan.  i  . . 

•   • 

n 

6    9  S. 

Variation  for  7*»  35™ 

•   • 

— 

I  28 

Declination  corrected  23     4  41 

IV. 


c        I         n 


Zenith  distance  ..  ..         41  31     9  N. 

Declination  corrected        ..  ..  23    4  41  S. 

Latitude  ..  ..  ..  ..  18  26  a8 

Which  latitude  is  N. 

^  In  navigation  books  will  be  iound  a  brief  table  of  logarithms  for  performing 
this  operation  with  celerity. 
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TO  FIND  THE  TIME. 

The  following  convenient  method  for  determining  the  time  is 
given  by  Norie ; — 

**  I.  Subtract  the  Sun*8  declination  from  90°  when  the  latitude  and  declination  are 
of  the  same  name,  or  add  it  to  90°  when  they  are  of  contrary  names,  and  the  sum 
or  remainder  will  be  the  Sun^s  p6lar  distance. 

**  2.  Add  together  the  Sun*8  altitude,  the  polar  distance,  and  the  latitude  of  the 
place  of  observation ;    take  the  difference  between  half  their  sum  and  the  Sun's 
altitude,  and  note  the  remainder. 
**  3.  Then  add  together — 

The  co-secant  of  the  polar  distance. 
The  secant  of  the  latitude. 
The  co-sine  of  the  Half-sum. 
The  sine  of  the  Remainder. 
And  the  constant  logarithm  5*30103. 
'*  4.  The  sum  of  these  5  logarithms,  rejecting  tens  in  the  index,  will  be  the  log- 
rising  «,  answering  to  the  apparent  time  from  the  nearest  noon  ;  consequently  if  the 
observation  be  made  in  the  morning,  the  time  thus  found  must  be  taken  fi^m  34^  to 
obtain  the  apparent  time  from  the  preceding  noon.     Hence  thd  error  of  the  watch 
may  be  found." 

An  example  of  the  foregoing  rule,  with  the  several  stages 
arranged  in  what  will  be  found  in  practice  the  most  convenient 
order,  is  here  appended. 


I. 

Date         

Name  of  place  of  observation     . . 
Latitude    ..         ..  •• 

Longitude 


October  i,  1866. 
Uckfield,  Sussex. 
A  50°  58'  o" 
2415"  E. 


II. 


Sums  .. 
Means. . 


Observed  Sextant 

Altitudes  of  the  Sun. 

0     / 

70  53 

70  38 

70  35 

70  31 

• 

70  H 

70  i6 

6)433  17 

70  3«  50" 

Observed  times 
by  Watch, 
h.    m.  Si 

o    9  25 

o  14  32 

o  15  515 
o  17    65 
o  20  56 
o  23  415 


6)  I  41  irs 
o  16  55  4 


^  For  the  logarithm  table  thus  denominated,  reference  must  be  made  to  a  book  of 
Navigation  Tables. 
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III. 

o      /         // 

Sun's  declination  at  Greenwich  3  1 2     7*4  S. 

Corrections  for  longitude      . .  . .  (insignificant) 

Correction  for  time  from  noon         . .  . .  . .    + 


Sun's  true  declination  at  Uckfield  . . 


Sun's  polar  distance 


16 


3  12  23-4  S. 
-h  90 


..  A  93   12   234 


IV. 

Instrumental  altitude  of  the  Sun's  lower  limb 

.*.  Semi-instrumental  altitude 
Sun's  semi-diameter 
Correction  for  parallax 
Correction  for  refraction 

Sun's  true  altitude  . . 


/    II 


70  32  50 

35  *6  25 
+        16     1*4 

+  7*5 

-  I   2o*5 

35  31   13-4 


V. 


Sun's  true  altitude  . 
Sun's  polar  distance 
Latitude  of  Uckfield 

Sum 

.*.  Semi-sum 


35  31  13*4 
93  12  234 
50  58    o 

179  41  368 
P  89  50  484 


Semi-sum 

Sun's  true  altitude 

Remainder 


VI. 


n 


89  50  48  4 
.^5  .U    1.V4 

Q  54  19  35 


VII. 


Log.  cosec.  (compl.)  A 

Log.  sec.  A 
Constant  logarithm 

Log.  COS.  P 

Log.  sin.  Q 

Apparent  time  =  log-rising 
U.  m.    8. 
o  27   16 


(86  47  36) 
(50  58    o) 

(89  50  48) 
(54  19  35) 


10*000680 

io'30o8i6 

6-301030 

7437735 
9909745 

2*849996 
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VIII. 

h.  ni.    s. 

Apparent  solar  time  ..         ..         ..  o  27  16 

la    o    o 


Apparent  dyil  time  ..  ..  ..  12  27  16 

Equation  of  time      ..  ..  ..  ..      —       10  19*5 

Mean  time  at  Uckfield  ..  ..  12  16  56*5 

„        „     by  watch  ..  ..  ..  12  16  55*4 

Error  of  watch         —  I'l 

The  ^^  watch''  employed  in  the  above  observations  was  a  sidereal 
clock  with  a  dial  shewing  mean  solar  time.  The  error  of  the  clock 
was  known  to  be  almost  nil,  but  the  indication  of  this  fact  by  the 
sextant  observatioDs  must  only  be  regarded  as  a  coincidence. 
However^  the  sextant  in  competent  hands  will  generally  give  a 
result  correct  to  within  a  few  seconds. 

.The  Box  Sextant '  is  merely  a  miniature  sextant,  very  portable, 
and  used  rather  for  surveying  than  astronomical  purposes,  though, 
in  conjunction  with  an  artificial  horizon,  it  becomes  valuable  for 
obtaining  solar  time,  or  the  latitude. 

The  Prismatic  Sextant,  constructed  by  Pister  and  Martins  of 
Berlin,  differs  &om  the  common  sextant,  not  only  in  its  con- 
struction but  in  its  capability,  for  it  can  measure  angles  up  to 
I8o^8 

t  Formerly  the  SnuffAxm  Sextant,  finom  the  limited  space  it  occupies  in  transitu. 

g  Loomifl,  Pract.  Aat.,  p.  10 1. 
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CHAPTER    VI. 


MISCELLANEOUS  ASTRONOMICAL  INSTRUMENTS. 


The  AltazimtUh.—EvereHU  Theodolite.— The  Mural  Circle.— The  Repeating  Circle 

TrowjhtoiCt  Refiectlng  Circle.— The  Dip-Secfor.—The  Zenith  Sector.— The  Rtjlcx 
Zenith-Tube.^  The  Horizontal  Floating  CoHimator.  —  The  Vertical  Floating 
CoUimator.-The  IIeliometer.—Airy*s  Orbit  Sweeper.^The  Comet-Seeker.— The 
Astronomical  Spectroscope. 


THOUGH  the  Equatorial  and  the  Transit  Instrument  are  the 
most  important  instruments  used  in  astronomy,  there  are 
several  others  of  an  astronomical  or  semi-astronomical  character, 
which  should  at  least  be  glanced  at  in  a  work  like  the  present. 
Still,  as  they  are  but  rarely  required  by  the  amateur,  my  mention 
of  them  will  be  rather  for  the  purpose  of  furnishing  references  to 
other  works  professedly  devoted  to  their  consideration  than  to 
treat  of  them  with  any  fullness  myself. 

The  following  are  the  names  of  those  I  group  under  this  head : — 

1.  The  Altazimuth. 

2.  Everest^s  Theodolite. 

3.  The  Mural  Circle. 

4.  The  Repeating  Circle. 

5.  Troughton's  Reflecting  Circle. 

6.  The  Dip- Sector. 

7.  The  Zenith-Sector. 

8.  The  Reflex  Zenith-Tube. 
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9.  The  Horizontal  Floating  Collimator. 

10.  The  Vertical  Floating  Collimator. 

11.  The  Heliomet£r. 

12.  Ally's  Orbit-Sweeper. 

13.  The  Comet-Seeker. 

14.  The  Astronomical  Spectroscope. 

The  AUazimuth  >,  as  ite  name  implies,  is  for  the  measurement 


Tbb  PoHTiBLB  Altazimuth,  or  Thusbit  Tbeodoutb. 


of  altitudes  and  azimuths.  It  may  be  considered  as  a  modification 
of  the  ordinary  transit  instrument  —  the  telescope,  circle,  and  stand 
of  which  are  capable  of  motion  round  a  vertical  axis.     The  alta- 

•  Pearson,  Pract.  Ait,  vol.  ii.  pp.  413  art.  AilronominU  Cirdt;  Loomie,  Pmrt. 

AS',    473;     Heather.  Malhrmatical   In-  Ait.,    p.   gi;    Nnrrien.    Ail.  ami  Grod.. 

eirumeati,  p.  I53  ;    Simma,    Treatiie    cm  p.  79. 
Jnetnimenli,  p.  <;]  ;  Engliih  Cgriopailia, 


678  Practical  Astronomy.  [Book  VIL 

zimuth  may  therefore  be  used  for  meridional  or  eztra-meridion^ 
obserrations  indifferently,  and  when  of  a  portable  size  it  may  in 
fact  be  regarded  aa  a  theodolite  of  a  superior  construction.  ¥ig. 
314  represents  such  an  instrument  by  Newton.  In  this  form  it 
is  sometimes  known  under  the  name  of  the  T^annt  l%eoiolUe. 

Pig.  215  is  a  patt«m  of  a  theodolite,  known  as  "  Everest's/'  from 
its  designer,  the  lat«  Sir  G.  Everest,  Director  of  the  Indian  Survey. 
The  arrangement  adopted  for  the  graduated  arcs  enables  the  ob- 
server, it  is  understood,  to  measure  minute  angles  witii  greater 

FlK-  »15- 


Evmbist'b  Thkodolitk. 

accuracy  than  is  possible  with  an  ordinary  theodolite  of  corres- 
ponding size;  and  for  geodetical  purposes,  especially  in  foreign 
countries,  a  maximum  of  precision,  with  a  minimum  of  weight, 
is  of  course  of  the  utmost  importance.  This  instrument  can  be 
used  within  certain  limits  of  altitude  as  an  altazimuth  **. 

The  Mural  Circle  consists  of  a  graduated  circle  furnished  with 
a  suitable  telescope,  and  very  firmly  affixed  to  a  wall  (murva) 
in  the  plane  of  the  meridian.     It  is  used  for  determining  with 

*  Simmi.  TrealUr  on  /mfrummdi.  |>.  10. 
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great  accuracy  meridian  altitudes  and  zenith  distances,  from  which 
may  be  found  declinations  and  polar  distances  ®. 

The  Repeating  Circle  is  employed  for  the  measurement  of  angular 
distances,  both  of  celestial  and  terrestrial  objects.  The  principle 
consists  in  repeating  the  readings  of  an  angle  several  successive 
times  and  taking  a  mean,  and  thus  eliminating  almost  wholly  the 
errors  due  to  defective  graduation.  Invented  about  the  year  1744 
by  T.  Mayer,  this  instrument  was  first  constructed  in  France, 
under  the  superintendence  of  Borda,  sometime  between  1780  and 
1790,  and  in  that  country  it  was  much  used.  In  England,  how- 
ever, it  was  never  popular,  firstly,  because  when  it  was  invented  the 
graduation  of  English  instruments  was  so  much  superior  to  those 
of  foreign  make  as  to  render  it  less  needed ;  and  secondly,  because 
of  the  labour  involved  in  working  with  it.  Its  value  (theoretically 
very  considerable)  would  seem  to  be  impaired  in  practice  by  some 
defects  which  Sir  J.  Herschel,  though  he  speaks  of  them  as  un- 
known,  connects  with  imperfect  clamping  ^. 

Troughton^s  Reflecting  Circle  is  a  different  adaptation  of  the  prin- 
ciple involved  in  the  sextant.  It  consists  of  a  complete  graduated 
circle,  having  the  telescope  and  reflector  on  one  side  of  the  circle 
whilst  the  graduations  and  verniers  (3  in  number)  are  on  the  other. 
A  reading  being  taken  by  each  vernier,  the  mean  of  the  three 
readings  gives  a  more  accurate  result  than  would  any  one  singly. 
In  Sir  J.  Herschel's  opinion  "  this  is  altogether  a  very  refined  and 
elegant  instrument  ®.'' 

The  Dip-Sector,  another  instrument  of  Troughton's  invention,  is 
used  for  determining  the  dip  of  the  horizon.  The  principle  of 
it  is  similar  to  that  of  the  sextant '. 

The  ZenitA-Sector  serves  to  determine  the  zenith  point  and  the 
zenith  distances  of  stars.  It  is,  especially  as  modified  by  Airy, 
chiefly  used  in  geodetical  operations ;  but  it  was  invented  by  Hooke 

*  Pearson,  Pr<ict.  Ast.,  voL  ii.  p.  47a  ;  moirt  R.A.S.,  vol.  i.   p.  33  ;   Pearson, 

English    Cyclopctdia,   art.    Astronomical  Pra4^.  Ast.,  yo\.  ii.  p.  578  ;  Loomis,  Praet. 

Circle;    Loomis,    Pract.    Ast.,    p.    83  ;  Ast.,  p.  103;  Breen,  Pract.  Ast,,^.  381. 

Breen,   Pract.    Ast.^   p.   43a  ;    Narrien,  •  Pearson,  Pi'oct.  Ast.,  vol.  ii.  p.  586; 

Ast.  and  Geod.,  p.  76.  Simms,  Treat,  on  Inst.,  p.  57 ;  Heather, 

"^  Outlines  of  Ast.,  p.  119;  Brewster's  Math.  Inst.,  p.  141. 

Cyclopiedia,    art.   Circle  ;    English    Cy-  '  Simms,  Treat,  on  Inst.,  p.  65. 
cloixedia,   art.    Repeating   Circle ;    Me- 
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about  the  year  1669,  to  ascertain  whether  or  no  the  Earth's  orbit 
afforded  any  sensible  parallax  ^, 

The  Reflex  Zeniih'Tube  is  used  at  Greenwich  for  observations 
of  the  star  y  Draconis.     It  was  invented  by  Airy  **. 

Tlie  Floating  Collimaior  and  the  Veriical  Floating  Collimaior  are 
two  instruments  of  similar  principle,  and  of  not  very  different  con- 
struction, designed  to  facilitate  the  adjustment  of  circles.  The 
former  is  used  for  determining  the  horizontal  point,  and  the  latter 
the  zenith  or  nadir  points,  as  the  case  may  be.  Each  kind  con- 
sists of  a  telescope  (with  a  system  of  cross  wires  in  its  field)  which 
is  either  made  to  rest  in  a  horizontal  position  on  a  plate  of  iron  float- 
ing on  a  surface  of  mercury ;  or  is  fixed  vertically  in  a  frame,  at  the 
lower  part  of  which  is  an  iron  ring  whose  plane  is  at  right  angles 
to  the  axis  of  the  telescope,  the  ring  floating  on  mercury  in  an 
annular  vessel.  The  telescope  of  the  circle  which  it  is  desired  to 
adjust  being  duly  put  in  position,  the  observer  looks  through 
it,  either  downwards  or  upwards  (as  the  case  may  be),  to  the 
telescope  of  the  collimator,  which  in  the  vertical  instrument  is 
mounted  with  its  axis  coincident  with  the  axis  of  the  ring.  The 
adjustment  consists  in  bringing  the  cross  wires  of  the  two  tele- 
scopes to  a  mutual  intersection,  by  tlio  screw  movements  of  the 
circle.  These  instruments  were  both  invented,  or  perhaps  it  would 
be  more  reasonable  to  say  contrived,  by  Captain  Kater,  but  the 
vertical  one  is  the  one  to  which  the  preference  is  usually  ^iven  *. 

The  Ileliomeier^  is  a  large  telescope  mounted  eqiiatorially  in  the 
usual  way,  but  with  its  object-glass  divided  into  two  equal  parts  by 
a  section  across  the  centre.  The  parts  of  the  object-glass  are 
capable  of  motion  in  their  own  planes,  through  considerable  inter- 
vals, by  means  of  screws,  and  thus  their  optical  centres  can  be 
separated  by  a  greater  or  less  space.     Each  half-glass  forming  a 


K  Pearson,  Prort.  Att.j  vol.  ii.  p.  531  ;. 
Month.  Not.  Il.A.S.,  vol.  v,  p.  188  ; 
Narrien,  Aef.  and  (kod.,  p.  83. 

^  (ircenwich  Oh*.,  ''^54. 

*  Phil.  Travs.f  vol.  cxv.  p.  147  ; 
ihiih,  vol.  cxviii.  p.  257  ;  Lnrfllsh  Cijclo- 
prpf/m,  art.  Collimator;  V*.  nr^ori,  Prnrf. 
A  St.,  vol.  ii.  p.  446;  HerHcliel,  Outlinet 
of  Ant.,  p.  107. 

•*  f/Aios  the  Svn,  and  /xfrpov  a  measure : 


BO  called  because  the  instrument  wa« 
first  used  to  measure  the  Sun.  Being 
now  emjtloyed  for  various  other  purposes 
the  name  U  not  an  appropriate  on»'.  Thrt 
eltlor  Dollond  called  it  the  diridfd  object- 
fjluR't  mimnneter,  and  Do  Channbres  (ti 
French  naval  officer  of  the  last  century, 
wlu»  lias  some  claim  t<i  l>e  reganled  as  its 
inviiitor)  a  megameter,  in  opjiosition  to 
micrometer. 
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separate  image  of  any  object,  the  two  images  will  be  at  ao  angular 
distance  dependent  on  the  amount  of  the  separation  of  the  centres 
of  the  two  balf-glasses.  By  proper  management  the  angular 
distance  of  two  objects  not  very  far  apart  can  thus  be  determined'. 
Orbii-Sieeeper  is  the  name  given  by  Airy  to  a  contrivance  which 
he  thinlcB  will  meet  an  acknowledged  difficulty.  A  comet  or  planet 
is  known  by  previous  calculation  to  be  pursaing  a  certain  and 
tolerably  definite  track  through  the  heavens,  but  its  actual  position 
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at  any  given  time  is  unknown.  To  sweep  for  such  an  object  an 
unmounted  telescope  is  of  little  or  no  use;  and  an  equatorial  is 
hardly  more  suitable,  unless  the  path  of  the  object  be  continuously 
through  the  same  parallel  of  declination  eastwards  and  westwards, 
or  through  the  same  hour  of  right  ascension,  northwards  and 
southwards — a  condition  which  it  is  scarcely  necessary  to  mention 
never  subsists,  except  it  be  for  a  very  limited  period  of  time,  the 
apparent  course  of  celestial  objects,  whether  planets  or  stars,  being 
almost  always  inclined. 


li ;  SptetUam  IlartietHiaiivm,  p.  156  ;  Wenle,  Xawiini, 
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It  is  to  follow  by  one  motion  this  inclined  path  that  Mr.  Airy^s 
new  instrument  is  designed.  It  resembles  a  German  equatorial^ 
the  polar  axis  of  which  is  of  a  greater  length  than  usual,  and 
which  works  for  some  distance  at  its  upper  end  in  a  tubular 
bearing.  The  declination^  or  cross  axis^  carries  at  one  end  a 
counterbalance^  and  at  the  other^  not^  as  in  the  regular  equatorial, 
the  telescope^  but  a  small  trunk  in  which  a  second  and  smaller 
cross  axis  turns ;  to  one  end  of  this  is  attached  a  counterbalance^ 
and  to  the  other  the  telescope. 

^'  By  giving  a  proper  position  in  rotation  to  the  first  cross-axis^ 
the  inclination  of  the  second  cross-axis  to  an  astronomical  meridian 
may  be  made  any  whatever^  and  therefore  the  inclination  of  the 
circle  in  which  the  telescope  will  sweep  may  be  made  any  what- 
ever ;  and  it  may  be  made  to  coincide  with  the  definite  line  drawn 
on  the  celestial  sphere  in  which  the  comet  is  to  be  sought.'^ 

The  inventor  thinks  that  an  instrument  of  this  kind  would  be 
found  of  great  service  to  lunar  photographers,  as  the  difficulty 
of  following  the  Moon  with  an  equatorial  is  well  knowTi  ™. 

Tlie  Cornel- Seeker  is  merely  a  cheap  equatorial  provided  with  an 
inferior  object-glass  and  coarsely-divided  circles,  but  which  is 
optically  contrived  to  possess  an  unusually  large  field  in  comparison 
with  its  aperture.  It  is  an  instrument  more  frequently  met  \vith 
in  Germany  than  in  this  country. 

The  application  of  the  Spectroacape  to  astronomical  purposes  is 
comparatively  recent.  Fig.  217  shews  the  arrangement  of  the 
parts  in  those  made  by  Browning. 

The  spectroscope  consists  essentially  of  a  narrow  slit  formed  by 
a  pair  of  knife-edges,  capable  of  being  adjusted  by  means  of  a 
screw.  The  rays  of  light  admitted  by  this  slit  are  received  by 
a  lens  placed  at  its  own  focal  distance  from  the  slit.  In  passing 
through  this  lens  the  rays  are  rendered  parallel.  They  are  then 
allowed  to  fall  on  a  prism  of  any  transparent  substance  of  high 
dispersive  power,  by  preference  on  one  of  extremely  dense  flint- 
glass. 

The  spectrum  produced  by  the  passage  of  the  light  through  the 
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prism  19  then  viewed  by  means  of  a  telescope  fumiBhed  with  a 
Hayghenian  eye-piece  of  low  power. 

To  obtain  the  best  definition,  the  prism  should  he  placed  at  the 
angle  of  minimum  deviation;  that  is,  so  that  the  rays  of  light 
in  traversing  the  prism  are  equally  inclined  to  it«  two  faces.     In 

Fig.  ii?- 
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the  most   powerful  inBtmments  a  number  of  prisma,  sometimes 
as  many  as  lo  or  1 1,  are  arranged  in  a  circle. 

The  most  complete  treatise  on  astronomical  instruments  ever 
published  is  undoubtedly  that  of  Dr.  Pearson,  to  which  the  reader 
is  referred  for  a  full  account  of  the  various  matters  touched  upon 
in  the  preceding  pages.  Of  more  accessible  books  none  surpasses 
Loomis's  well-known  work. 
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CHAPTER   VII. 

CELESTIAL    PHOTOGRAPHY*. 

Summary  of  facU  connected  with  the  appUcatwn  of  Photography  to  Astronomical 
purpotes. — De$criplum  of  the  apparatue  tued  by  Brothers  of  ManehoUer, — J/w 
method  of  procedure, 

THE  credit  of  having  produced  the  first  photog^^ph  of  a 
celestial  object  is  generally  given  to  the  late  G.  P.  Bond,  of 
Cambridge,  U.S.;  but  it  appears  from  a  paper  by  Professor 
H.  Draper,  of  New  York,  published  jn  April  1864,  that  in  the 
year  1840  his  father.  Dr.  J.  W.  Draper,  was  the  first  who 
succeeded  in  photographing  the  Moon.  Dr.  Draper  states  that 
at  the  time  named  (1840)  "  it  was  generally  supposed  the  Moon^s 
light  contained  no  actinic  rays,  and  was  entirely  without  eflect 
on  the  sensitive  silver  compounds  used  in  Daguerreotyping.'' 
With  a  telescope  of  5  inches  aperture  Dr.  Draper  obtained  pictures 
on  silver  plates,  and  presented  them  to  the  Lyceum  of  Natural 
History  of  New  York.  Daguerre  is  stated  to  have  made  an 
unsuccessful  attempt  to  photograph  the  Moon,  but  I  have  been 
unable  to  ascertain  when  this  experiment  was  made. 

Bond's  photographs  of  the  Moon  were  made  in  1850.  The 
telescope  used  by  him  was  the  Cambridge  (U.S.)  refractor  of 
15  inches  aperture,  which  gave  an  image  of  the  Moon  at  the 
focus  of  the  object-glass  2  inches  in  diamett^r.  Daguerreotypes 
and  pictures  on  glass  mounted  for  the  stereoscope  were  thus 
obtained,  and  some  of  them  were  shewn  at  the  Great  Exhibition 
of  1851,  in  London.  Bond  also  proved  the  advantage  to  be 
derived  from  pliotographs  of  double  stars,  and  found  that  their 

a  For  this  chapter  T  am  indebted  to  Mr.  A.  Brothers,  F.R.A.S.,  of  Manohohter. 
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distances  could  be  measured  on  the  plate  with  results  agreeing  well 
with  those  obtained  by  direct  measurement  with  the  micrometer. 

Between  the  years  1850  and  1857  we  find  Secchi  in  Rome, 
and  Bertch  and  Arnauld  in  France,  and  in  England  Phillips, 
Hartnup,  Crookes,  De  La  Rue,  Fry,  and  Huggins,  appearing 
as  astronomical  photographers.  To  these  may  be  added  the  name 
of  Dancer,  of  Manchester,  who  in  February  185a  made  some 
negatives  of  the  Moon  with  a  4J-inch  object  glass.  They  were 
small,  but  of  such  excellence  that  they  would  bear  examination 
under  the  microscope  with  a  3-inch  objective,  and  they  are 
believed  to  be  the  first  ever  taken  in  this  country.  Baxendell 
and  Williamson,  also  of  Manchester,  were  engaged  about  the 
same  time  in  producing  photographs  of  the  Moon. 

The  first  detailed  account  of  experiments  in  celestial  photography 
which  I  have  met  with  is  by  Professor  Phillips,  who  read  a  paper 
on  the  subject  at  the  meeting  of  the  British  Association  at  Hull 
in  1853.  In  it  he  says:  ^^  If  photography  can  ever  succeed  in 
portraying  as  much  of  the  Moon  as  the  eye  can  see  and  dis- 
criminate, we  shall  be  able  to  leave  to  future  times  monuments 
by  which  the  secular  changes  of  the  Mooned  physical  aspect  may 
be  determined.  And  if  this  be  impracticable — if  the  utmost 
success  of  the  photographer  should  only  produce  a  picture  of 
the  larger  features  of  the  Moon,  this  will  be  a  gift  of  the  highest 
value,  since  it  will  be  a  basis,  an  accurate  and  practical  foundation 
of  the  minuter  details,  which,  with  such  aid,  the  artist  may 
confidently  sketch.''  The  pictures  of  the  Moon  taken  by  Professor 
Phillips  were  made  with  a  64-inch  refractor,  by  Cooke,  of  11 -feet 
focus ;  this  produced  a  negative  of  i^  inches  diameter  in  30  seconds. 
Professor  Phillips  does  not  enter  very  minutely  into  the  photo- 
graphic part  of  the  subject,  but  he  gives  some  very  useful  details  of 
calculations  as  to  what  may  be  expected  to  be  seen  in  photographs 
taken  with  such  a  splendid  instrument  as  that  of  Lord  Bosse.  It 
is  assumed  that  an  image  of  the  Moon  may  be  obtained  direct  of 
12  inches  diameter,  and  this,  when  again  magnified  sufiiciently^ 
would  shew  "  black  bands  1 2  yards  across.''  What  may  be  done 
remains  to  be  seen,  but  up  to  the  present  time  these  anticipations 
have  not  been  realised. 
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We  have  next^  from  the  pen  of  Crookes^  a  paper  communicated 
to  the  Royal  Society  of  London,  in  December  1856,  but  which 
was  not  read  before  that  Society  until  February  in  the  following 
year.  Mr.  Crookes  appears  to  have  obtained  good  results  as 
early  as  1855,  and,  assisted  by  a  grant  from  the  Donation  Fund 
of  the  Royal  Society,  he  was  enabled  to  give  attention  to  the 
subject  during  the  greater  part  of  the  year  following.  The  details 
of  the  process  employed  are  given  with  much  minuteness.  The  tele- 
scope used  was  the  equatorial  refractor  at  the  Liverpool  Observa- 
tory, of  8  inches  aperture  and  lai  feet  focal  length,  which  produced 
an  image  of  the  Moon  i*35-inch  diameter.  The  body  of  a  small 
camera  was  fixed  in  the  place  of  the  eye-piece,  so  that  the  image 
of  the  Moon  was  received  in  the  usual  way  on  the  ground  glass. 
The  chemical  focus  of  the  object-glass  was  found  to  be  ^^^*  of 
an  inch  beyond  the  optical  focus,  being  over-corrected  for  the 
actinic  rays.  Although  a  good  clock  movement,  driven  by  water 
power,  was  applied  to  the  telescope,  it  was  found  necessary  to 
follow  the  Moon's  motion  by  means  of  the  slow-motion  handles 
attached  to  the  right  ascension  and  declination  circles,  and  this 
was  effected  by  using  an  eye-piece,  with  a  power  of  200  on  the 
finder,  keeping  the  cross-wires  steadily  on  one  spot.  With  this 
instrument  Hartnup  had  taken  a  large  number  of  negatives,  but 
owing  to  the  long  exposure  required  he  was  not  successful;  but 
with  more  suitable  collodion  and  chemical  solutions,  and  although 
the  temperature  of  the  Observatory  was  below  the  freezing-point, 
Mr.  Crookes  obtained  dense  negatives  in  about  4  seconds.  Crookes 
afterwards  enlarged  his  negatives  20  diameters,  and  he  expresses 
his  opinion  that  the  magnifying  should  be  conducted  simultane- 
ously with  the  photography  by  having  a  proper  arrangement 
of  lenses,  so  as  to  throw  an  enlarged  image  of  the  Moon  at 
once  on  the  collodion  plate;  and  he  states  that  the  want  of 
light  could  be  no  objection,  as  an  exposure  of  from  2  to  10  miuui€s 
would  not  be  ^'  too  severe  a  tax  upon  a  steady  and  skilful  hand 
and  eyeJ^ 

In  an  appendix  to  his  paper  Mr.  Crookes  gives  some  particulars 
as  to  the  time  required  to  obtain  negatives  of  the  Moon  with 
different  telescopes,  from  which  it  appears  that  the  time  varied 
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from  6  minutes  to  6  seconds.  The  diflFerent  results  named  must, 
I  conclude,  have  been  caused  not  so  much  by  the  diflFerences  in 
the  instruments  as  in  the  various  processes  employed,  and  in 
the  manipulation.  I  must  observe,  also,  that  it  is  not  stated 
whether  all  the  experiments  were  tried  upon  the  Full  Moon — 
a  point  materially  affecting  the  time. 

Grubb  read  a  paper  on  this  subject  before  the  Dublin  Photo- 
graphic Society  on   May  6,  1857.     After   referring  to  the  fact 
that  he  found  the  actinic  focutf  of  his    object-glass  to  be  longer 
than  the  visual   (thus  agreeing  with  Crookes),   he   states  it  to 
be  generally   understood  that  in  a  compound  object-glass   made 
as  nearly  achromatic  as  possible,  the  actinic  focus  is  shorter  than 
the  visual.     The  most  valuable  portion  of  Grubb's  paper  is  the 
suggestion  for  a  piece  of  apparatus  to  be  attached  to  the  part 
connected  with  the  telescope  for  holding  the  dark  frame,  which 
he  proposes  may  be  so  arranged  as  to  follow  the  Moon's  motion 
in  declination;  and  he  gives  the  following  description  of  a  con- 
trivance used  by  Lord  Rosse,  and  which  is  suitable  for  telescopes 
not  equatorially  mounted: — ''On  a  flat  surface  attached  to  the 
telescope  and  parallel  to  the  plane  of  the  image,  is   attached   a 
sliding  plate,  the  slide  being  capable  of  adjustment  to  the  direction 
of  the  Moon's  path  at  the  time  of  operating.     The  slide  is  actuated 
by  a  screw,  moved  by  clockwork  and  having  a  governor  or  regu- 
lator  of  peculiar   construction,   which   acts    equally   well    in   all 
positions.    The  clockwork  being  once  adjusted,  requires  no  change; 
but  the  inclination  of  the  slide  must  be  effected  by  trial  for  the 
Moon's  path  at  the  time  of  taking  the  photograph."     This  idea 
originated  with  De  La  Rue :  Lord  Rosse's  share  in  it  arose  from 
his  having  applied  a  clock  motion  to  the  apparatus. 

The  telescope  used  by  Grubb  is  12^  inches  aperture  and  ao  feet 
focus,  giving  an  image  2^  inches  diameter  in  from  10  to  40 
seconds. 

The  next  contribution  on  this  subject  is  by  Mr.  Pry,  who,  in 
1857,  commenced  his  experiments  on  the  Moon  witii  an  equatorial 
telescope,  the  property  of  Mr.  Howell  of  Brighton.  The  object- 
glass  of  this  instrument  is  8^  inches  diameter  and  11  feet  focus, 
and  gave  an  image  of  the  Full  Moon  in  about  3  seconds,  but  under 
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very  favourable  cireumstanees  a  negative  was  made  in  a  single 
second.  The  size  of  the  image  is  not  stated^  but  it  must  have 
been  about  i|^  inches  diameter.  Mr.  Fry  appears  to  have  removed 
the  eye-piece  of  the  telescope^  and  in  its  place  fixed  a  board 
having  a  screw  adjustment^  so  that  a  plate-holder  could  be  moved 
backwards  and  forwards  on  the  board  (graduated  to  lo^'*^  of  an 
inch)  for  the  purpose  of  finding  the  actinic  focus^  which  was 
f  of  an  inch  beyond  the  visual.  He  found  that  this  position 
of  the  chemical  focus  was  variable,  owing,  as  he  thought,  to 
the  varying  distance  of  the  Moon  from  the  Earth,  but,  as  suggested 
by  De  La  Rue,  it  might  arise  (?)  from  the  length  of  the  telescope 
tube  having  altered  through  change  of  temi)erature. 

In  1858  De  La  Rue  read  an  important  paper  before  the  Royal 
Astronomical  Society,  from  which  it  appears  that  the  light  of  the 
Moon  is  from  2  to  3  times  brighter  than  that  of  Jupiter,  while  its 
actinic  power  is  only  as  6  to  5,  or  6  to  4.  On  Dec.  7,  1857, 
Jupiter  was  photographed  in  5  seconds  and  Saturn  in  i  minute, 
and  on  another  occasion  the  Moon  and  Saturn  were  photographed 
in  15  seconds  just  after  an  occultation  of  the  planet. 

The  report  of  the  Council  of  the  Royal  Astronomical  Society 
for  1 858  contains  the  following  remarks : — "  A  very  curious  result, 
since  to  some  extent  confirmed  by  Professor  Secchi,  has  been 
pointed  out  by  De  La  Rue,  namely,  that  those  portions  of  the 
Moon^s  surface  which  are  illumined  by  a  very  oblique  ray 
from  the  Sun  possess  so  little  photogenic  power  that,  although 
to  the  eye  they  appear  as  bright  as  other  portions  of  the  Moon 
illumined  by  a  more  direct  ray,  the  latter  will  produce  the 
effect,  called  by  photographers,  solarisation,  before  the  former  (the 
obliquely-illumined  portions)  can  produce  the  faintest  image/' 
And  the  report  also  suggests  that  the  Moon  may  have  a  com- 
paratively dense  atmosphere,  and  that  there  may  be  vegetation 
on  those  parts  called  seas. 

At  the  meeting  of  the  British  Association  at  Aberdeen,  in  1859, 
De  La  Rue  re^d  a  very  valuable  paper  on  Celestial  Photography. 
An  abstract  of  it  was  published  at  the  time  in  the  British  Journal 
of  Photographi/y  and  in  August  and  Sej)tember  of  the  following 
year  further  details  of  this  gentleman's  method  of  working  were 
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given  in  the  same  Journal.  The  processes  and  machinery  employed 
are  so  minutely  described  that  it  is  unnecessary  here  to  say  more 
than  that  he  commenced  his  experiments  about  the  end  of  1852, 
and  that  he  used  a  reflecting  telescope  of  his  own  manufacture  of 
13  inches  aperture  and  10  feet  focal  length,  which  gives  a  negative 
of  the  Moon  averaging  about  ^^^  of  an  inch  in  diameter.  The 
photographs  were  at  first  taken  at  the  side  of  the  tube  after 
the  image  had  been  twice  reflected.  This  was  afterwards  altered 
so  as  to  allow  the  image  to  pass  direct  to  the  collodion  plate,  but 
the  advantage  gained  by  this  method  was  not  so  satisfactory 
as  was  expected.  In  taking  pictures  at  the  side  of  the  tube, 
a  small  camera  box  was  fixed  in  the  place  of  the  eye-piece,  and 
at  the  back  a  small  compound  microscope  was  attached,  so  that 
the  edge  of  a  broad  wire  was  always  kept  in  contact  with  one 
of  the  craters  on  the  Moon's  surface,  the  image  being  seen  through 
the  collodion  film  at  the  same  time  with  the  wire  in  the  focus 
of  the  microscope.  This  ingenious  contrivance,  in  the  absence 
of  a  driving-clock,  was  foimd  to  be  very  efiectual,  and  some 
very  sharp  and  beautiful  negatives  were  thus  obtained.  De  La  Bue 
afterwards  applied  a  clockwork  motion  to  the  telescope,  and  his 
negatives  taken  with  the  same  instrument  are  as  yet  the  best 
ever  obtained  in  this  country. 

The  advantage  of  the  reflecting  over  the  refracting  telescope 
is  very  great,  owing  to  the  coincidence  of  the  visual  and  actinic 
foci ;  but  it  will  presently  appear  that  the  refractor  can  be  made 
to  equal,  if  not  excel,  the  work  of  the  reflector. 

De  La  Bue's  paper  (as  published  in  the  Report  of  the  British 
Association)  contains  some  extremely  interesting  particulars  as 
to  the  mode  of  obtaining  stereoscopic  pictures  of  the  Moon,  and 
diagrams  are  given  shewing  the  eflects  of  the  Moon's  libration. 
The  most  beautiful  stereoscopic  prints  of  the  Moon  are  those 
by  De  La  Bue.  Mr.  Pry  also  was  very  successful  in  this  branch 
of  the  art. 

In  this  brief  history  of  the  subject  of  celestial  photography 
I  have  not  referred  to  anything  which  has  been  done  in  making 
photographs  of  the  solar  spots,  but  the  matter  must  not  be 
altogether  passed  over.     The  first  step  in  this  direction  appears 

yy 
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to  have  been  taken  in  France  in  1845,  by  lizeau  and  Foncanlt; 
but  it  is  chiefly  due  to  the  efforts  of  De  La  Bue  that  so  much 
useful  work  has  been  done  in  heliography.  In  i860  he  and  his 
staff  of  assistants  performed  one  of  the  g^reatest  feats  yet  recorded 
in  this  branch  of  the  art  of  photography^  having  succeeded  in 
obtaining  several  beautiful  n^^tives  of  the  various  phenomena 
seen  only  during  total  eclipses  of  the  Sun^  and  2  negatives  were 
obtained  during  the  totality.  One  question  of  much  interest 
to  astronomers  was  determined  by  this  great  experiment.  The  red 
prominences  or  flames  generally  seen  as  issuing  from  the  edge 
of  the  Moon  were  proved  to  belong  to  the  Sun.  Photographs 
of  the  Sun  are  taken  daily  when  the  weather  is  favourable  at 
the  Kew  Observatory^  and  also  by  Professor  Selwyn^  at  Ely. 
With  the  Kew  Photo-heliograph  pictures  of  the  Sun^  spots  have 
been  made  on  the  scale  of  3  feet  for  the  Sun^s  diameter.  Much^ 
however^  remains  to  be  done.  The  light  of  the  Sun  is  so  much 
in  excess  of  what  is  required  to  obtain  a  collodion  picture^  that 
the  loss  of  light  consequent  on  the  necessary  interpo6iti6n  of  lenses 
and  the  distance  of  the  plate  firom  the  instrument  can  be  no 
objection;  and  for  these  reasons  I  have  very  little  doubt  that^ 
with  apparatus  suitably  arranged^  photographs  of  spots  and  groups 
of  spots  will  be  obtained  of  very  much  larger  dimensions  than  any 
yet  taken. 

The  Quarterly  Journal  of  Science  for  April  1864  contains  the 
next  important  paper  on  Celestial  Photography.  It  is  by  Dr. 
Henry  Draper,  one  of  the  Professors  at  the  New  York  University. 
On  his  return  to  America — after  paying  a  visit  to  Parsonstown, 
where  he  had  the  advantage  not  only  of  making  some  observations 
with  Lord  Bosse^s  large  reflector,  but  also  of  seeing  the  method 
there  pursued  in  grinding  and  polishing  mirrors — stimulated  by 
what  he  had  seen,  he  determined  to  build  an  Observatory,  and 
to  construct  an  instrument  to  be  devoted  solely  to  celestial 
photography.  The  speculum  used  by  Dr.  Draper  is  15  J  inches 
in  diameter,  and  12^  feet  focal  length;  but  this  was  afterwards 
superseded  by  one  of  glass  on  Foucault's  principle.  The  great 
labour  involved  in  a  work  of  this  character  may  be  judged  of  by 
the   fact   that   Dr.  Draper  ground  and  polished  more  than  100 
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mirrors^  varying  in  diameter  fix)m  19  inches  to  \  inch;  but  he 
appears  at  last  to  have  secured  a  good  instrument.  The  chief 
points  to  be  noticed  in  this  article  are^  that  instead  of  driving 
the  telescope  in  the  usual  way  by  means  of  a  clocks  the  frame 
carrying  the  glass  plate  was  made  to  move  on  the  plan  previously 
referred  to.  Instead  of  clockwork  to  effect  this  motion^  an  instru- 
ment called  a  ''clepsydra''  was  used.  It  has  a  weight  on  a 
piston  rod,  which  fits  into  a  cylinder  tilled  with  water,  which 
is  allowed  to  escape  by  means  of  a  stop-cock,  and  can  be  regulated 
with  great  exactness,  so  as  to  follow  the  object.  The  large 
number  of  1500  negatives  is  stated  to  have  been  taken  at  this 
Observatory,  some  of  which  would  bear  magnifying  25  diameters 
(the  paper  says  timesy  but  I  assume  this  to  be  an  error,  as  a 
negative  must  be  very  bad  if  it  will  not  bear  more  than  5 
diameters,  or  25  times).  As  the  average  size  of  the  negatives 
was  i^  inch,  an  increase  of  25  diameters  would  give  an  image 
of  the  Moon  nearly  3  feet  in  diameter.  I  have  not  seen  the 
prints  from  these  negatives,  and  have  never  heard  anything  of 
the  quality  of  the  work  produced  by  this  telescope;  but  it  may 
be  stated  that  Dr.  Draper  writes  as  if  the  negatives  were  of 
the  best  quality,  and  encourages  others  to  follow  his  example. 

Nearly  a  quarter  of  a  century  has  elapsed  since  the  Moon 
was  first  photographed  in  America,  and  a  good  deal  has  been 
done  since  on  that  side  of  the  Atlantic.  To  an  American  we 
are  indebted  for  the  best  pictures  of  our  satellite  yet  produced, 
and  it  is  difficult  to  conceive  that  anything  superior  can  ever 
be  obtained;  and  yet  with  the  fact  before  us  that  De  La  Rue's 
are  better  than  any  others  taken  in  this  country,  so  it  may 
prove  that  even  the  marvellous  pictures  of  Mr.  Rutherford  may 
be  surpassed. 

Mr.  Rutherford  appears,  from  a  paper  in  Silliman's  American 
Journal  of  Science  for  May  1865,  to  have  begun  his  work  in 
lunar  photography  in  1858  with  an  equatorial  of  11^  inches 
aperture  and  14  feet  focal  length,  and  corrected  in  the  usual 
way  for  the  visual  focus  only.  The  actinic  focus  was  found  to 
be  ^^^  of  an  inch  longer  than  the  visual.  The  instrument  gave 
pictures  of  the  Moon,  and  of  the  stars  down  to  the  5^  magnitude, 
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satisfactory  when  compared  with  what  had  previously  been  done^ 
but  not  sufficiently  so  to  satisfy  Mr.  Rutherford^  who,  after  trying 
to  correct  for  the  photographic  ray  by  working  with  combinations 
of  lenses  inserted  in  the  tube  between  the  object-glass  and  sensitive 
plate,  commenced  some  experiments  in  1861  with  a  silvered  mirror 
of  13  inches  diameter,  which  was  mounted  in  a  frame  and  strapped 
to  the  tube  of  the  refractor.  Mr.  Rutherford  enumerates  several 
objections  to  the  reflector  for  this  kind  of  work,  but  admits  the 
advantage  of  the  coincidence  of  foci.  The  reflector  was  abandoned 
for  a  refractor  specially  constructed  of  the  same  size  as  the  first 
one,  and  nearly  of  the  same  focal  length,  but  corrected  only  for 
the  chemical  rays.  This  glass  was  completed  in  December  1 864, 
but  it  was  not  until  March  6  of  the  following  year  that  a 
sufficiently  clear  atmosphere  occurred,  and  on  that  night  the 
negative  was  taken  from  which  the  prints  were  made. 

I  have  entered  somewhat  minutely  into  particulars  of  what  has 
been  done  in  this  branch  of  art,  in  order  that  we  may  have  before 
us  a  kind  of  summary  or  index  of  the  work  done  up  to  the  present 
time,  so  that  those  who  desire  further  information  may  at  once 
refer  to  the  authorities  quoted.  It  may  be  asked  why  it  was 
thought  necessary  to  draw  up  this  abstract,  as  De  La  Rue  and 
others  have  said  almost  all  that  is  necessary  to  enable  anyone  to 
take  up  the  subject  and  to  pursue  it  successfully. 

It  is  true  that  there  are  very  elaborate  papers,  and  from  their 
perusal  I  have  derived  much  useful  information ;  but  at  the  same  time 
it  must  be  confessed  their  very  elaborateness  deterred  me,  for  a  long 
time  afler  I  possessed  the  necessary  apparatus,  from  commencing 
the  experiments  which  have  since  afibrded  me  so  much  enjoyment. 

Every  writer  on  this  subject  speaks  of  the  difficulties  encoun- 
tered from  optical,  instrumental,  and  atmospheric  causes;  and  to 
this  may  be  attributed  the  fact  that  so  few  of  our  amateur  as- 
tronomers give  their  attention  to  the  subject.  Another  reason 
may  be  that  comparatively  few  of  those  who  possess  telescopes 
have  the  necessary  photographic  knowledge;  but  surely  some 
friend  having  this  knowledge  might  be  found  who  would  be  willing 
to  spare  a  few  hours  occasionally  to  assist  in  taking  negatives  of 
the  stars,  planets,  or  of  the  Moon.     The  reason,  then,  why  this 
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subject  is  brought  forward  now  is  that  it  is  believed  that  the 
apparatus  I  use  is,  in  some  particulars,  more  simple  than  any 
heretofore  described,  and  as  it  can  be  employed  with  any  kind 
of  telescope,  a  greater  number  of  amateurs  than  are  now  engaged 
in  it  may  be  induced  to  follow  this  branch  of  photography. 

It  will  have  been  noticed  that  when  particulars  of  the  apparatus 
have  been  given  the  writer  has  spoken  of  a  small  camera,  which 
has  been  fixed  at  the  eye-piece  end  of  the  telescope.  As  to  how 
this  was  effected  I  have  seen  no  description,  and  as  no  camera  box 
is  required  I  need  not  enter  into  any  supposition  as  to  the  mode  in 
which  it  may  be  done.  Before  deciding  what  was  necessary  to  be 
done,  it  occurred  to  me  that  the  telescope  tube  itself  is  the  camera, 
and  all  that  was  required  was  the  means  of  fixing  the  dark  frame 
or  plate-holder.  If  the  telescope  be  pointed  to  the  Moon,  the  eye- 
piece removed,  and  a  piece  of  ground  glass  held  between  the  eye 
and  the  aperture,  the  image  will  be  seen  on  the  glass,  and  we 
then  require  the  means  of  holding  the  sensitive  plate  steadily  near 
the  same  place.  All  that  is  needed  is  a  brass  tube  about  4  or 
5  inches  long,  of  the  size  exactly  fitting  the  tube  of  the  telescope 
in  the  place  of  the  eye-piece.  In  some  eases  the  sliding  tube  of 
the  eye-piece  may  be  unscrewed  and  used  for  this  purpose.  At 
one  end  of  this  tube  a  thread  is  cut  and  is  made  to  screw  into  a 
piece  of  metal  plate  (in  the  centre  of  which  is  a  circular  aperture  of 
the  same  size  as  the  tube)  of  the  same  dimensions  as  the  dark 
frame.  Attached  to  the  plate-holder  are  clips  accurately  fitting  the 
brass  plate,  but  so  that  the  frame  will  easily  slide  off  and  on 
without  disturbing  the  telescope.  This  is  all  the  additional  ap- 
paratus required  to  enable  photographs  of  the  Moon  or  any  other 
celestial  object  to  be  made.  A  separate  frame  for  the  ground  glass 
is  not  necessary ;  it  must  be  cut  to  fit  the  dark  frame,  and  while  in 
use  can  be  held  by  slight  springs  fixed  inside  the  frame  at  the 
sides. 

The  accompanying  woodcuts  shew  the  arrangement  of  the  ap- 
paratus when  in  its  place  for  taking  a  negative,  and  render  further 
description  unnecessary.  The  method  for  ascertaining  the  actinic 
focus  may  be  stated  in  a  few  words.  With  the  rack  motion  adjust 
the  focus  for  distinct  vision  on  the  ground  glass,  and  then  mark 
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the  tabe  d,  and  algo  the  sliding  part  of  the  telescope.  Although 
Teiy  unlikely  to  be  of  the  slightest  use^  unless  taken  with  a 
reflecting  telescope,  a  picture  may  now  be  taken :  it  will  at  least 

Fig.  3i8. 


Fig.  219. 


Fig.  120. 


Apparatus  for  taking  Astronomical  Photogr.vphh 

a  Draw-tube  of  telcwcope.  6  Dark  frame.  c  Slide.  d  Bram  tut>e  slitiijig 
into  place  of  eye-piece.  t  Outer  roetal  plate  screweil  to  rf .  i  Inner 
metal  plate.  /  Diaphragm.  A  Clips  to  hold  plate  e.  i  Spring  to  hold 
frame  in  first  position.  k  Groove  in  the  plate  e  in  which  the  spring- pin  j 
slides. 


serve  to  give  some  idea  of  the  proper  exposure.  If  the  chemical 
and  visual  foci  are  not  coincident^  the  image  will  have  a  blurred 
appearance.  Before  exposing  the  next  plate,  turn  the  adjusting 
screw  so  as  to  lengthen  the  tube  about  ^^^  of  an  inch,  and  so 
proceed  until,  by  the  greater  distinctness  of  the  image,  it  is  seen 


Chap.  VII.]  Celestial  Photography.  695 

that  the  chemical  focus  is  found.  At  every  change  of  the  focus  a 
slight  mark  should  be  made  on  the  tube^  and  when  the  true  focus 
is  satisfactorily  determined  the  marks  should  be  made  distinctly 
visible;  and  in  all  future  experiments  with  the  same  instrument 
the  focus  will  be  always  at  or  very  near  the  same  place.  Should 
it  be  found  that  the  indistinctness  increases^  it  will  of  course  be 
necessary  to  try  in  the  other  direction. 

The  appearances  arising  from  atmospheric  disturbances  are  very 
much  the  same  as  when  the  object  is  out  of  focus :  experience  alone 
will  enable  the  operator  to  determine  from  which  cause  the  defect 
proceeds. 

It  is  assumed  that  the  telescope  is  provided  with  a  driving- 
clock  :  when  such  is  the  case^  every  care  should  be  taken  that  all 
the  parts  are  dean^  and^  when  necessary^  oiled  or  greased^  so  that 
the  motions  may  be  as  smooth  as  possible. 

In  photographs  of  the  Moon  in  the  phases  prior  to  and  after  the 
full,  the  side  opposite  to  the  Sun  is  always  too  light,  or  "burnt 
up/'  while  those  parts  near  the  terminator  are  often  so  dark  that 
only  the  tops  of  the  craters  and  peaks  are  visible,  although  in 
the  telescope  a  clear  and  bright  image  can  be  seen.  The  cause 
of  this  must  be  that  the  exposure,  if  continued  long  enough  to 
bring  out  all  the  eye  can  see  on  the  darker  side,  would  entirely 
obliterate  the  details  on  the  brightly-illuminated  portions  of  the 
Moon's  surface.  De  La  Rue's  suggestion  as  to  why  the  dark  side 
of  the  Moon  has  so  little  actinic  effect,  has  been  already  referred  to. 
I  would  suggest  that,  as  the  light  of  the  Full  Moon  is  icx>,ooo 
times  weaker  than  that  of  the  Sun,  the  twilight  on  the  Moon's 
surface  must  be  very  much  less,  and  consequently  the  actinic  effect 
of  the  light  is  lessened  in  the  same  way  as  at  a  corresponding  time 
on  the  Earth  \ 

The  question,  then,  of  photographing  the  terminator  is  only  one 
of  time,  and  in  order  to  remedy  the  defect  spoken  of  to  some 


^  In  the  absence  of  an  atmosphere  on  that  the  a<9inic  effect  is  lessened  as  it  is 

the  Moon,  there  can   of  course  be  no  on  the  Earth  shortly  before  sunset  and 

ttpilight  such  as  we  have  on  the  Earth.  during  twilight,  when  it  is  well  known 

I  mean  to  say,  that  on  those  parts  of  the  that  a  much  longer  time  is  required  to 

Moon  enlightened  only  by  the  oblique  obtain  a  photograph. 
^         rays  of  the  Sun,  the  light  is  so  diminished 
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extent^  I  have  used  a  diaphragm  such  as  is  shewn  in  the  drawing. 
In  the  tube  e^  openings  are  made  on  opposite  sides^  and  wide 
enough  to  admit  the  diaphragms  to  be  used  without  touching  the 
tube.  The  diaphragm  must  be  of  the  proper  length  and  width 
to  shut  off  the  Moon's  light  until  the  plate  is  ready  for  exposure. 
The  shape  of  the  diaphragm  will  suggest  which  form  should  be 
used^  according  to  the  Moon's  age.  The  exposure  should  be  made 
with  the  full  aperture  for  as  many  seconds  as  previous  experiments 
have  proved  to  be  necessary  for  the  bright  side,  and  the  diaphragm 
then  gently  moved  and  kept  in  motion,  gradually  approaching  the 
darkened  side.  By  this  means  the  exposure  may  be  regulated, 
and  the  great  differences  in  the  light  and  dark  sides  of  the  Moon 
may  be  modified. 

As  to  the  processes  employed,  each  experimenter  must  adopt  the 
one  which  in  his  hands  gives  the  best  result.     It  seldom  happens 
that  two  operators  can  produce  the  same  effects  with,  apparently, 
the  same  chemicals.     Experience  has  shewn  me  that  the  ordinary 
patent  plate  glass  (carefully  selected,  so  as  to  be  free  from  scratches 
and  other  defects)  is  preferable  to  the  white  patent  plate,  for  after 
a  time  the  surface  of  the  latter  becomes  covered  with  a  kind  of 
dew,  or  "  sweat "  as  it  is  termed,  owing  to  the  decomposition  of 
some  of  the  salts  used  in  the  manufacture.     Tlie  collodion  used  was 
made  for  me  by   Huggon  &  Co.  of  Leeds ;  it  is  very  quick,  free 
from  structure,  and  suitable  for  iron  development.      I  prefer  to 
develope  with  an  iron  solution,  using  only  sufficient  to  cover  the 
plate ;  and  with  this  developer  and  collodion,  when  the  plate  has 
been  properly  exposed,  a  negative  can  be  obtained  which  will  not 
require   intensifying  afterwards.     Not  having  had  sufficient   ex- 
perience with  pyrogallic  acid,  I  cannot  speak  with  confidence  as 
to  any   advantage  it  may  possess   in  giving  fine  texture  to  the 
negative.     With   the   bath  and   collodion   exactly  in   the   proper 
state,  there  is  no  doubt  that  with  this  acid,  negatives  may   be 
made   as  quickly  as  with   iron;    but  it  is  extremely  difficult   to 
have  everything  constantly  in  the  best  working  order.  *  Unless  the 
greatest  attention  be  given  to  this  matter,  the  time  of  exi)osure 
is  so  much  increased  that  iron,  for  this  reason,  must  have  the 
preference. 
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Upon  the  character  of  the  image  after  development  entirely 
depends  the  value  of  the  enlargement  to  be  made  from  it^  and 
in  this  direction  there  is  much  room  for  improvement.  Even  in 
the  best  negatives  yet  made  defects  from  this  cause  are  very 
apparent.  The  microscopic  photographs  by  Dancer  have  the  finest 
texture,  and  will  consequently  bear  greater  magnifying  than  any 
other  photographs  I  have  ever  seen,  but  the  process  by  which  they 
are  made  is  not  published. 

The  weather  in  this  country  is  so  very  uncertain,  and  success 
in  this  branch  of  photography  is  so  entirely  dependent  on  the 
state  of  the  atmosphere,  that  it  is  necessary  to  be  always  prepared 
to  take  advantage  of  a  favourable  night.  I  have  a  small  cupboard 
placed  in  a  convenient  part  of  my  house  where  there  is  a  supply  of 
water,  and  the  temperature  is  always  much  above  the  air  outside. 
This  cupboard  is  just  large  enough  to  hold  a  small  glass  bath  fixed 
at  the  proper  angle  ready  for  use,  also  the  bottles  for  collodion, 
bath,  developing  and  fixing  solutions,  and  other  little  requisites. 
This  arrangement  is  so  convenient  that  when  there  is  a  prospect 
of  getting  a  negative  I  can  set  the  telescope,  prepare  the  plate, 
and  take  a  negative  in  less  than  lo™.  But  when  there  is  a  chance 
of  two  or  three  hours^  work  an  assistant  is  desirable,  as  the  best 
results  can  only  be  obtained  when  one's  attention  is  chiefly  devoted 
to  the  careful  adjustment  of  the  apparatus  connected  with  the 
telescope. 

The  convenience  of  the  plan  adopted  may  be  judged  of  by  the 
fact  that  on  the  evening  of  the  partial  eclipse  of  the  Moon, 
Oct.  4,  1865,  in  four  hours  I  succeeded,  with  the  help  of  two  as- 
sistants, in  taking  no  less  than  20  negatives,  and  the  telescope 
was  several  times  disturbed  to  oblige  friends  who  desired  to  see 
the  progress  of  the  eclipse  through  the  instrument ;  but  the  appa- 
ratus was  quickly  readjusted,  although  possibly  in  some  cases  with 
slight  loss  of  definition  in  the  negative  through  haste.  It  may  be 
interesting  to  refer  to  the  fact  that  while  No.  15  of  the  series  was 
taken  the  telescope  was  at  rest.  The  clock  had  been  disconnected 
for  re-adjustment,  and  it  was  forgotten  \^en  the  plate  was  ready 
for  exposure :  consequently  the  Moon  had  moved  partly  ofi*  the 
plate,  and  the  negative  shews  a  portion  only ;  but  the  exposure  was 
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00  short  that  the  eye  fiuls  to  detect  wny  difference  in  the  sharpness 
of  this  and  the  others,  which  were  aU  taken  when  the  clock  had 
been  watched  and  carefiiUy  regulated  for  the  Moon's  motk>n.  This 
fact  is,  I  think,  of  some  interest,  as  it  shews  that  about  the  time 
of  Foil  Moon,  when  the  light  is  of  the  greatest  intensity,  pictnres 
may  be  made  with  telescopes  not  eqnatorially  moonted. 

My  telescope  is  a  refractor  of  5  inches  aperture  and  6  feet  focal 
length,  giving  an  image  of  the  Moon  averaging  about  \i  of  an 
inch  in  diameter.  The  actinic  focus  is  about  ^^  of  an  inch  longer 
than  the  visual ;  but  this  varies.  The  object-glass  is  a  Munich  one, 
and  is  mounted  by  Dancer  on  the  English  plan  with  double  polar 
axis.  The  hour  circle  is  26  inches  in  diameter,  and  is  used  also  as 
the  driving-wheel,  having  teeth  cut  in  the  edge  in  which  a  screw 
works,  and  by  which  it  is  connected  with  the  driving-clock  by  a 
rod,  and  can  be  instantly  disconnected  by  means  of  a  cam.  The 
object-glass  is  an  excellent  one,  and  the  mounting  is  everything 
that  can  be  desired. 

The  negative  taken  direct  in  the  telescope  is  but  one  step 
towards  what  we  require — ^that  is,  the  enlarged  copy  on  paper. 
From  the  small  negative  a  positive  on  glass  must  be  made,  say 
of  twice  or  three  times  the  diameter  of  the  original.  It  H-ill  be 
quite  unnecessary  here  to  explain  how  the  enlargement  is  to  be 
made,  but  I  may  remark  that  the  negative  should  be  placed  with 
the  film  side  towards  the  copying  lens,  and  the  resulting  positive 
copy  must  also  be  placed  in  the  same  way.  The  enlarged  copy  or 
nc^tive  will  then  g^ve  the  true  telescopic  appearance  of  the  Moon. 
In  the  print  of  the  Full  Moon  by  Rutherford  a  mistake  lias  been 
made,  arising  from  the  negative  or  positive  copy  having  been 
placed  the  wrong  way,  and  consequently  the  Moon  looks  as  if  it  had 
been  photographed  from  the  opposite  side.  The  print  is  a  very 
beautiful  one  in  other  particulars,  but  entirely  worthless  as  a  picture 
of  the  Moon,  as  the  eye  can  never  see  it  as  there  represented. 

I  have  sometimes  taken  two  negatives  on  the  same  plate.  It 
will  be  seen  in  fig.  330  that  the  dark  slide  is  not  quite  central 
with  the  telescope,  so  Ihat  by  reversing  the  plate  after  one  ex- 
posure a  second  picture  can  be  taken.  In  photographing  the 
planets,  De  La  Rue  has  allowed  the  object  to  move  on  for  a  few 


Chap.  VII.]  Celestial  Photography.  699 

seconds^  the  telescope  meanwhile  being  at  rest^  and  thus  four  or 
five  negatives  can  be  taken  in  a  very  short  time  on  the  same 
plate.  It  has  occurred  to  me  that  by  having  a  suitable  frame^ 
and  by  having  in  place  of  four  clips  such  as  k  [fig.  219]  a 
kind  of  groove  at  top  and  bottom  and  at  the  sides  of  the 
frame^  so  that  after  taking  the  first  negative  the  light  might  be 
shut  off  by  moving  the  plate  about  an  inch^  at  least  4  nega- 
tives might  be  taken  on  the  same  plate.  The  advantages  of  this 
plan  are^  that  different  exposures  might  be  tried  and  the  develop- 
ment continued  for  the  one  or  two  which  promised  the  best  results. 
This  method  would  effect  a  great  saving  of  time^  which  on  a  fine 
night  is  of  much  importance. 

A  frame  adapted  for  taking  four  negatives  on  the  same  plate  is 
shewn  in  fig.  220.  With  this  instrument  100  negatives  of  the 
Moon  have  been  taken  in  4  hours^  and  when  the  sky  is  con- 
tinuously clear  there  is  no  diflSculty  whatever  in  proceeding  at 
the  same  rate^  and  without  the  least  hurry  or  confusion.  On  the 
occasion  of  a  total  eclipse  of  the  Sun^  apparatus  of  this  kind  would 
be  found  to  be  of  the  greatest  service.  Supposing  the  total  phase 
to  last  3  minutes^  and  the  exposure  requisite  to  produce  a  negative 
15  seconds^  12  negatives  could  be  made;  and  if  the  manipulation 
of  the  plates  had  been  carefully  performed,  the  whole  series  might 
be  as  good  as  if  2  or  3  only  had  been  made. 

With  the  Barlow  lens  I  have  made  some  negatives  which  have 
shewn  that  when  the  same  care  has  been  taken  to  find  the  actinic 
focus  negatives  of  a  much  larger  size  may  be  made,  and  in  a  very 
short  time.  The  image  was  increased  from  \^^^*  to  i|^  inches,  and 
the  time  of  exposure  at  Full  Moon  was  2  seconds.  The  fittings  of 
the  lens  are  so  arranged  that  three  different-sized  negatives  may  be 
taken. 

As  not  altgether  unconnected  with  the  subject  of  this  chapter, 
I  may  state  that  Prof.  C.  P.  Smyth  has  published  some  remarks 
on  the  delineation  of  celestial  objects,  which  merit  perusal  <^. 

c  Mem.  B.A.S.,  voL  xv.  p.  71. 
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CHAPTER   VIII. 

PRACTICAL  HINTS  ON  THE  CONDUCT  OF  ASTRONOMICAL 

OBSERVATIONa 

THE  present  chaptar  must  be  regarded  as  made  up  of  a  series 
of  waifs  and  strays  coOected  from  a  great  Tarietj  of  sources, 
and  thrown  together  without  mueh  order  or  method. 

I.  On  the  choice  of  Instruments  and  their  accessories. 

Always  prefer  a  refracting  to  a  reflecting  telescope.  Refractors 
are  far  more  manageable  than  reflectors,  and  less  liable  to  sufier 
from  neglect  or  inexperience. 

Though  neatness  in  the  metal-work  is  highly  desirable,  yet  be 
careful  not  to  think  too  much  of  it,  for  there  may  be  an  excellent 
outward  appearance  with  very  slight  internal  value.  The  ultimate 
performance  depends  not  on  the  polish  of  your  tubes,  but  on  the 
accuracy  of  your  lenses,  as  r^;ards  their  figure,  centering,  &c. 
Air-bubbles,  sand  holes,  itriay  scratches,  are  no  doubt  undesirable 
in  their  way,  but  do  not  trouble  too  much  about  them ;  they  are 
not  absolutely  inconsistent  with  good  definition ;  they  merely 
obstruct  an  infinitesimal  amount  of  light.  Remarks  on  testing 
object-glasses  have  already  been  made  in  a  former  chapter. 

The  centering  of  the  lenses  should  be  properly  performed  by  the 
maker ;  if,  however,  he  has  not  attended  to  this,  it  is  best,  imless 
the  inconvenience  is  very  serious,  to  put  up  with  the  evil.  An 
inexperienced  hand  ofben  not  only  makes  matters  worse,  but 
commits  irreparable  damage. 

A  dew-cap  is  always  desirable,  though  not  invariably  supplied 
to  smaU  telescopes.     At  night  it  is  needed  to  protect  the  object- 
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glass  &om  the  aqueous  vapour  floating  about  in  the  air ;  and  in 
the  daj-time  it  serves  to  lessen  the  light  reflected  into  the  tube 
by  the  metal  ring  in  which  the  object-glass  is  mounted. 

Every  telescope  of  and  beyond  3  inches  aperture  should  have  a 
finder;  its  use  saves  an  incalculable  deal  of  trouble^  and  prevents 
much  loss  of  time — an  important  matter  in  a  climate  where  clear 
and  astronomically-good  skies  are  rather  rare.  Especially  will 
the  observer,  employing  a  telescope  not  equatorially  mounted, 
discover  the  usefulness  of  this  inexpensive  little  accessory  after  a 
few  nights'  trial  with  and  without  the  same.  A  finder  too  is  very 
convenient  in  working  with  a  transit  instrument,  though  not 
ordinarily  applied  thereto.  Its  employment  tends  to  guard  the 
observer  against  surprises,  and  against  the  consequences  of  error 
in  the  setting  of  his  circle. 

As  regards  powers,  the  common  idea  generally  encourages  a 
number  that  is  excessive.  Without  attempting  to  lay  down  any 
stringent  rules,  the  following  lists  are  offered  in  the  belief  that 
most  amateurs  will  find  them  amply  adequate : — 


Apbetukes  op 

3  in. 

sin. 

4Jn. 

S  in. 

6  in. 

7  in. 

8  in. 

9  in. 

10  in 

15 

ao 

35 

30 

35 

40 

50 

60 

75 

45 

55 

65 

75 

85 

95 

no 

"5 

«45 

95 

no 

"5 

140 

155 

170 

190 

3IO 

335 

180 

200 

110 

340 

360 

390 

320 

360 

300 

330 

360 

390 

430 

470 

520 

450 

490 

530 

580 

630 

700 

630 

680 
840 

740 

900 

1 130 

800 

970 

I3IO 

1440 

880 
1060 
1300 
1530 

The  highest  powers  must  be  reserved  for  the  examination  of  close 
double  stars  on  peculiarly  good  nights,  and  with  clockwork  motion. 
And  here  it  may  be  remarked  that  the  intending  observer  would  do. 
well  to  allot  a  portion  of  his  funds  to  the  purchase  of  an  -equatorial 
stand  and  (if  the  aperture  of  his  glass  exceeds  3  inches)  ck)ckwork 
to  drive  it  with,  in  preference  to  concentrating  his  means  on  a 
larger  glass  imperfectly  mounted;  for  without  these  2  aids  his 
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work  will  be  very  tedious^  particularly  if  he  proposes  to  study 
fiunt  objects  of  any  kind. 

The  parallel- wire  micrometer  is  of  course  the  "  arm  of  precision/' 
as  our  neighbours  over  the  water  have  it,  but  for  most  amateurs 
a  reticulated  micrometer  will  suffice :  it  should  be  applied  to  an 
eye-piece  of  rather  low  power,  say  intermediate  between  the 
I"*  and  2^  of  the  ''battery/'  as  it  can  there  be  made  to  do 
double  duty  to  some  extent.  The  i*  ordinary  power  should  have 
as  large  a  field  as  possible,  that  it  may  be  used  for  sweeping  for 
comets. 

As  regards  cleaning  lenses  of  all  kinds,  the  first  and  most  impor- 
tant rule  is,  never  to  meddle  with  them  except  in  cases  of  the  most 
pressing  and  obvious  necessity.  Optical  glass  requires  careful  and 
delicate  treatment,  and  a  few  specks  of  dust  are  of  much  less 
moment  than  ugly  scratches,  never  afterwards  to  be  removed.  A 
soft  camelVhair  brush  will  be  found  of  much  use  for  removing 
coarse  particles  of  dust  firom  lenses;  then  the  application  of  the 
brush  may  be  followed  by  the  cautious  use  of  a  piece  of  very  fine 
and  clean  chamois  leather,  or  of  a  soft  silk  handkerchief:  better, 
however,  than  either  of  these  is  an  old  but  fine  cambric  hand- 
kerchief. Everything  used  for  wiping  or  rubbing  lenses  should  be 
kept  wrapped  up  in  paper  or  in  a  little  box  when  not  in  use, 
and  the  wiping  or  rubbing  should  be  performed  very  gently.  A 
drop  or  two  of  spirits  of  wine  will  be  found  very  useful  for  re- 
moving refractory  stains,  but  the  careful  observer  will  never  allow 
any  refractory  stains  to  get  on  his  glasses. 

The  brass-work  of  a  telescope  should  be  dusted  from  time  to 
time :  if  it  gets  a  little  dull  or  dirty,  no  better  application  can  be 
found  than  a  piece  of  chamois  leather,  moderately  moistened  with 
sweet  oil. 

Wlien  out  of  use  for  more  than  2  or  3  days,  it  will  be  found 
advantageous  to  keep  the  entire  instrument,  stand  included,  covered 
with  an  old  sheet  or  table-cloth,  except  hi  (lamp  weather. 

2.  On  the  choice  of  Stands,  &c. 

This  is  little  else  than  a  financial  matter,  but  it  is  a  very  impor- 
tant one.  Beyond  doubt  more  may  be  got  out  of  a  small 
instrument  on  a  good  stand  than  out  of  a  large  instrument  on 
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a  bad  one.  A  good  stand  means  not  simply  a  steady  but  a 
manageable  one^  and  a  manageable  stand  means  an  equatorial  one. 
Every  telescope  of  and  beyond  3  inches  aperture  ought  to  be 
equatorially  mounted ;  and^  after  all^  the  measure  of  the  useftdness 
of  a  telescope  is  the  work  that  can  be  done  with  it  much  more 
than  the  inches  of  its  aperture.  Objects  invisible  to  the  naked 
eye — i.  e.  the  majority  of  the  objects  in  the  starry  heavens— can, 
as  a  rule,  only  be  found  by  an  observer,  who  is  unprovided  with  an 
equatorial  mounting,  after  much  labour  and  loss  of  time :  the 
waste  of  energy  thus  engendered  trenches  materially  on  his 
available  opportunities  and  sense  of  pleasure.  Where  the  site  can 
be  had,  an  iron  pillar  out  of  doors  is  the  best  substitute,  and 
the  metal-work  forming  the  equatorial,  which  need  not  be  very 
fine  or  elaborate,  can  readily  be  protected  from  the  weather,  the 
telescope  itself  being  kept  in  the  house,  and  carried  out  when 
wanted.  In  other  cases  a  wooden  tripod  may  be  used  :  these  may 
now  be  had  solid  enough  to  be  steady  without  being  too  heavy 
to  be  portable.  The  circles  attached  to  the  hour  and  declination 
axes  need  not  be  too  finely  graduated,  if,  as  is  commonly  the  case, 
they  are  merely  intended  to  be  used  for  finding  objects,  and  the 
coarser  the  graduation  the  less  expensive  they  are. 

If  you  are  so  circumstanced  as  to  be  able  to  have  your  stand 
a  fixture,  it  is  here  proposed  to  recommend  that  it  be  covered  over 
by  an  observatory.  The  name  is  formidable,  but  a  carpenter's  shop 
and  £20  or  so  will  provide  you  with  one  for  a  small  equatorial ; 
and  the  comfort  and  protection  afforded  to  yourself  and  your 
instrument  will  in  a  very  few  weeks  be  demonstrated.  Finally, 
with  an  equatorial  mounting,  and  an  observatory  to  cover  it, 
you  should  have  clockwork  to  drive  it.  It  must  candidly  be 
confessed  that  this  is  an  article  of  luxury,  but  still  for  high  powers 
it  is  very  desirable,  and  for  micrometrical  measurements  and 
pencil  and  paper  delineations  it  is  virtually  indispensable. 

For  a  large  telescope  a  specially  constructed  observing-chair  is 
needful,  but  in  working  with  a  small  one  I  have  found  an  ordinary 
music-stool  and  a  foot-stool  suffice  to  give  all  the  change  of 
position  usually  reqiusite. 

In  addition  to  all  the  above  paraphernalia  a  chronometer,  or 
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well-made  clocks  set  to  sidereal  time  is  needed.  It  is  by  no  means 
necessary  in  a  general  way  that  this  should  be  an  expensive  or 
highly-exact  instrument;  an  ordinary  good  parlour  time-piece^ 
costing  from  £6  to  JEio^  will  meet  all  the  requirements  of  the 
amateur.  In  the  absence  of  a  transit  instrument  specially  intended 
for  the  determination  of  the  time,  the  equatorial  (presuming  it 
to  be  in  proper  adjustment)  set  in  the  meridian — ^that  is  to  say, 
with  its  declination  axis  horizontal — ^will  give  the  time  with  a 
very  close  approximation  to  the  truth. 

If  your  stand  is  a  portable  one,  and  your  observations  are 
carried  on  whenever  and  wherever  may  be  convenient,  there  are 
some  little  precautions  to  be  attended  to  which  may  here  be  dealt 
with.  Avoid  a  window  if  possible,  especially  in  winter.  The 
inequality  between  the  temperatures  of  the  external  and  internal 
air,  at  best  only  reducible  to  a  not  very  low  minimum,  will  be 
found  productive  of  currents  and  disturbances  in  the  air  seriously 
detrimental  to  satisfactory  observation.  If  you  cannot  help 
observing  from  a  window,  open  it  a  considerable  time  before  you 
intend  to  commence  operations.  This  will  tend  to  mitigate  the 
evil.  When  your  proceedings  are  terminated,  cover  up  the 
glass-work,  especially  the  object-glass,  before  bringing  it  into  a 
warmer  atmosphere;  otherwise,  in  consetiuence  of  its  being  in 
a  chilled  state,  its  transfer  into  warm  air  will  probably  lead  to 
its  becoming  bedewed,  and  this  can  do  it  no  good,  and  may 
cause  much  trouble. 

BOOKS,  ETC. 

These  may  be  ranged  in  a  classes:  'essential'  and  'very 
desirable.'     Under  the  former  head  I  include : — 

1.  AnEphemeris. 

2.  A  Manual  of  Objects. 

3.  A  set  of  Maps. 

4.  A  Manuscript  Note-book. 

I .  Each  nation  of  importance  has  its  owti  Ephemeris  :  each  says 
its  own  is  the  best.  Three  may  be  said  to  occupy  the  front  rank  : 
the  English  Nautical  Alma?iac,  the  French  Connamances  des  Temp^, 
and  the  Prussian  Berliner  AdronomischeB  Jahrhich,     The  amateur 
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will  find  much  useful  information  in    Hannay's    Royal   Almanac 
and  in   the  Astronomical  Register. 

2.  As  Manuals  telling  one  what  to  look  for,  Admiral  W.  H. 
Smyth's  Bedford  Catalogue  as  a  large  work,  and  the  Rev.  T.  W. 
Webb's  Celestial  Objects  as  a  less  pretentious  work,  are  unrivalled. 

3.  The  Maps  of  the  London  Society  for  the  Diffusion  of  Useful 
Knowledge  are  very  clear  and  complete,  but  they  are  of  awkward 
size.  Almost  as  good,  but  equally  awkward,  is  Argelander's  Atlas 
des  Nordlichen  Himmels,  For  general  use  I  have  found  no  maps 
so  handy  and  at  the  same  time  good  as  Hind's,  published  in  Keith 
Johnson's  Atlas  of  Astronomy,  They  give  the  stars  in  white  upon 
a  blue  ground,  and  this  makes  them  very  legible  at  night. 

The  4^  book  I  very  strongly  recommend.  Captain  Cuttle's  prin- 
ciple of  "When  found,  make  a  note  of  it,"  is  pre-eminently  sound 
from  an  astronomical  point  of  view.  Every  little  circumstance 
seeming  to  be  out  of  the  common  should  be  placed  on  record ;  no 
harm  can  be  done ;  the  task,  if  such  it  be,  will  not  cost  much  time 
or  trouble,  and  great  results  may  at  some  time  or  other  accrue. 
Many  important  discoveries  have  been  brought  about  by  observers 
careful  and  habituated  to  take  note  of  trivial  matters — as  witness 
the  discoveries  of  Uranus  and  Neptune.  Above  all  things  write 
down  your  impressions  at  the  moment,  otherwise,  come  the  next 
morning,  and  their  value  will  be  lessened;  or  it  may  even  happen, 
and  that  not  seldom,  that  they  will  be  so  confused  and  muddled  as 
to  be  of  absolutely  no  value  at  all.  Especially  does  this  apply  to 
drawings.  K  making  notes  and  taking  sketches  has  no  other 
use,  it  seems  to  train  the  mind  to  habits  of  attention  and  thought, 
and  that  is  something  not  to  be  lightly  esteemed. 

Amongst  very  desirable  books  I  include — 

1.  A  book  of  Logarithms. 

2.  A  standard  Star  Catalogue. 

3.  One  or  more  General  Treatises  on  the  science. 

4.  A  Manual  of  Practical  Astronomy. 

I .  Of  Logarithms,  the  best  books  are  Button's  by  Gregory,  and 
Vega's  by  Bremiker,  of  which  latter  an  English  edition  is  pub- 
lished by  Williams  and  Norgate.  A  cheap  book  is  that  published 
in  the  "  Edinburgh  Course  "  of  W.  &  R.  Chambers. 

z  z 
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a.  The  most  useful  Star  Catalogue  is  that  published  by  the 
British  Association :  hardly  inferior  to  it  is  the  Radcliffe.  There 
are  many  others  which  may  serve  one's  purpose. 

3.  HerschePs  Outlines,  Arago's  Popular  Astronomy,  Lardner's 
Handbooky  and  many  others,  might  be  suggested  under  this  head. 

4.  As  a  Manual  of  Practical  Astronomy  none  surpasses  Loomis's. 
It  is  at  once  good,  concise,  and  complete. 

Having  said  thus  much  on  the  preparations  to  be  made  in 
starting  an  astronomical  campaign,  I  will  conclude  with  a 
few  hints  on  the  observation  of  the  several  classes  of  celestial 
objects. 

THE  SUN. 

The  intense  heat  and  light  of  the  Sun  necessitate  under 
ordinary  circumstances  the  defence  of  the  eye  by  some  special 
expedients.  These  are  very  various,  but  the  interposition  of 
coloured  glass  between  the  eye-piece  and  the  eye  is  the  most 
usual  device.  The  only  occasions  when  nothing  is  needed  is  when 
the  Sun  is  very  close  to  the  horizon,  or  when  it  is  viewed  through 
a  fog :  it  is  worthy  of  note  that  a  foggy  Sun  is  often  an  ex- 
tremely well-defined  one,  the  peculiar  features  of  the  solar  surface 
being  brought  out  with  unusual  clearness. 

I  have  said  that  coloured  glasses  are  very  commonly  used,  but  it 
remains  to  make  some  remarks  on  the  colours  themselves.  The 
warm  colours — red,  orange,  &c. — must  be  avoided,  though  some 
recommend  them,  and  on  the  whole  it  may  be  said  that  the  choice 
is  between  neutral  tint  and  green;  the  latter  is  most  frequently 
met  with,  but  the  former  is  regarded  with  most  favour  by 
experienced  observers.  Various  astronomers  have  advocated 
"  dodges,''  in  the  shape  of  chemical  solutions  and  other  liquids ; 
some  pour  their  solutions  into  the  eye-piece  itself;  others  arrange 
them  on  the  outside  in  glass  vessels,  with  parallel  sides  :  it  may, 
however,  well  be  doubted  whether  these  and  such-like  expedients 
are  worth  a  tithe  of  the  trouble  and  mess  they  give  rise  to. 
The  claims  of  the  wedge  of  dark  glass  are  of  a  higher  order, 
and  the  facility  with  which  it  can  be  slid  backwards  and  forwards 
as   the   intensity  of  the  solar  light  varies,  constitutes  a  strong 


Chap.  VIII.]  The  Sun.  707 

recommendation.  Smoked  glass  and  combinations  of  coloured 
glasses — red  and  green,  green  and  cobalt- blue — have  also  their 
partisans. 

The  observer  whose  operations  are  not  hampered  by  pecuniary 
considerations,  and  whose  telescope  exceeds  in  its  aperture  3  inches, 
will  however  avail  himself  of  more  elaborate  appliances.  The 
"  Diagonal''  and  the  "  Dawes"  solar  eye-pieces  are  the  only  ones 
to  which  I  shall  refer. 

The  diagonal  eye-piece  consists  essentially  of  a  tube  sliding 
into  the  tube  of  the  telescope  at  the  eye-piece  end,  with  another 
tube  let  into  it  at  right  angles.  In  the  main  tube,  at  an  angle 
of  45^  to  the  axis,  and  opposite  the  secondary  tube,  is  a  plane 
reflector  or  a  prism,  and  the  image  of  the  Sun  diverted  by  this 
reflector  or  prism  is  viewed  through  an  ordinary  eye-piece  placed 
in  the  secondary  tube.  Sir  John  Herschel,  who  invented  this 
contrivance,  used  the  plane  reflector;  but  the  prism,  which  is  a 
modification  introduced  by  Cooke,  is  preferable,  as  the  reflection 
from  the  posterior  surface  and  the  superfluous  rays  of  heat  are 
more  conveniently  got  rid  of. 

The  contrivance  called  ''Dawes's  solar  eye-piece"  is  merely  a 
circular  metal  plate,  perforated  with  a  series  of  circular  holes, 
ranging  from  0*5  to  0*0075  ^f  *"  ^^^^  ^^  diameter,  so  mounted 
that  the  metal  plate  will  turn  on  an  axis  and  bring  the  holes  in 
succession  into  the  focus  of  the  object-glass ;  thus  limiting  the 
field  of  view  to  very  small  dimensions  indeed.  The  field  is  viewed 
with  single  lenses.  This  contrivance  (it  is  hardly  an  ''  eye-piece  ") 
is  very  useful  for  general  celestial  purposes — such  as  the  exami- 
nation of  a  faint  sidereal  object,  without  the  presence  of  a  more 
luminous  neighbour  ^. 

Concerning  another  very  serviceable  method  of  examining  the 
Sun,  I  cannot  do  better  than  quote  the  following  remarks  from  the 
pen  of  the  Rev.  T.  W.  Webb.  "There  is,  however,  a  totally 
difierent  mode  of  observation,  which,  if  less  striking,  and  less 
adapted  for  minute  details  than  direct  vision,  is  far  more  easy  and 
convenient — ^that  of  projection  :  in  which  the  image  is  transmitted 

*  See  amU,  p.  6ao. 
Z  Z  2 
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through  an  ordinary  eye-piece,  adjusted,  by  trial  till  perfect 
distinctness  is  obtained,  to  a  large  opaque  screen  at  a  suitable 
distance  behind  it.  If  this  screen  is  white,  smooth,  and  carefully 
arranged  at  right  angles  to  the  axis  of  the  telescope,  the  correct 
focus  being  also  carefully  determined  by  repeated  trial,  this  method 
will  give  a  very  fair  representation  of  the  principal  solar  phe- 
nomena. Mr.  Hewlett,  indeed,  who  makes  great  and  successful 
use  of  it,  tells  us  that  he  even  gets  a  more  perfect  view  in  this  way 
than  by  direct  vision.  At  the  same  time  it  has  the  great  merit  of 
supplying  us  with  an  accurate  and  inexpensive  micrometer,  the 
image  of  the  Sun  being  made  by  proper  adjustment  to  coincide 
with  a  circle  graduated  by  lines  into  suitable  divisions ;  and  thus 
the  position  of  the  spots  may  be  measured,  and  their  pn^press 
made  evident  from  day  to  day.  Carrington,  one.  of  our  best 
solar  observers,  employed  this  mode,  projecting  the  image  on 
plate-glass  coated  with  '  distemper  *  of  a  pale  straw  colour.  A 
large  piece  of  cardboard,  with  a  hole  in  the  middle  to  slip  over  the 
object-end  of  the  telescope  in  the  place  of  the  brass  cap,  must 
be  provided  to  throw  a  shade  upon  the  screen ;  and  the  latter, 
if  measurement  is  the  object,  must  be  attached  to  a  bar  made 
fast  to  the  telescope,  and  partaking  of  its  motion. 

"Homstein  and  Howlett,  by  inserting  in  the  focus  of  the  eye- 
piece (which  for  this  purpose  should  be  of  the  'positive,*  or 
Ramsden  construction)  a  slip  of  glass  micrometrically  divided, 
projects  its  image,  together  with  that  of  the  Sun,  as  a  scale  upon 
the  screen.  The  latter  gives  the  following  dimensions,  which  may 
be  useful  as  a  guide : — Telescope  3I  inches  aperture;  in  a  darkened 
room ;  power  80 ;  cardboard  screen  on  oasel,  4  feet  2  inches  from 
eye-piece ;  glass  micrometer  in  focus  divided  to  200****  of  an  inch, 
each  division  giving  about  i  inch  on  screen,  where  a  corresponding 
scale  is  drawn  with  ink,  every  16*^  of  an  inch  representing  about 
4".  With  other  powers  other  distances  would  be  required  for  the 
screen.  With  a  good  telescope,  magnifying  may  of  course  be 
pushed  much  further ;  but  beyond  80,  or  at  the  most  90,  the  field 
would  probably  fail  to  admit  the  whole  disc  of  the  Sun.  Captain 
Noble  states  that  he  obtains  extremely  beautiful  views  of  the  solar 
phenomena   by   fitting   on   to   the  eye-piece  the  small  end  of  a 
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cardboard  cone,  i  foot  long  and  6  inches  across  the  larger  end, 
which  is  fitted  by  a  disc  of  plaster  of  Paris,  carefully  smoothed 
while  wet  on  a  sheet  of  plat«-glass;  on  this  the  image  is  pro- 
jected, the  interior  of  the  cone  being  blackened,  and  an  opening 
made  in  its  side  to  view  the  face  of  the  plaster  screen."  Noble 
once  (during  a  haze)  found  the  focus  of  his  telescope  become 
shorter  by  yV  inch.  It  resumed  its  ordinary  amount  when  the  sky 
became  clear. 

THE  MOON. 

Concerning  the  Moon  I  merely  pause  to  remark  that  a  neutral- 
tint  glass  of  feeble  intensity  will  be  found  a  very  useful  adjunct 
for  the  scrutiny  of  the  lunar  surface,  especially  when  a  telescope  of 
some  size  is  employed. 

PLANETS. 

As  regards  amateurs  possessed  of  popular  telescopes,  the  planets 
may  be  ranged  under  2  very  distinctly-defined  classes,  the  in- 
teresiing  and  the  uninteresting:  under  the  former  head  I  include 
Venus,  Mars,  Jupiter,  and  Saturn  ;  under  the  latter.  Mercury,  the 
91  Minor  Planets,  Uranus,  and  Neptune;  which  are  practically 
inaccessible  to  the  telescopes  which  are  usually  in  the  hands  of 
those  to  whom  these  pages  are  primarily  addressed. 

For  viewing  the  4  planets  above  associated  into  i  group  no 
very  precise  instructions  are  necessary.  Provided  that  the  air  is 
sufficiently  favourable  for  obtaining  good  definition,  almost  any 
power  may  be  used ;  the  higher  the  better ;  bearing  in  mind  the 
fact  that  the  excessive  brilliancy  of  Venus  makes  the  day-time  the 
most  suitable  time  for  observing  it.  When  close  to  its  inferior 
conjunction,  either  before  or  after,  with  the  illuminated  portion 
of  its  disc  reduced  to  the  thinnest  conceivable  crescent,  hardly, 
if  at  all,  distinguishable  from  a  mere  curved  line,  Venus  is  an 
object  of  peculiar  elegance. 

The  number  of  features,  all  of  interest,  presented  by  Saturn 
renders  this  planet  a  standard  one  for  popular  observation.  As 
a  rule  the  gauze  ring  must  not  be  expected  to  be  seen  with 
any  aperture  below  4  inches ;  and  it  may  further  be  remarked  that 
such  an  aperture  will  not  shew  more  than  5  satellites. 
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COMETS,  CLUSTERS,  AND  NEBULAE. 

These  objects,  one  and  all,  require  low  powers  and  low  powers 
only.  It  may  be  taken  as  generally  true  that  nothing  beyond 
the  a  lowest  of  any  series  of  6  powers  should  be  employed  in 
their  examination,  for  a  certain  proportion  of  light  to  size  is 
essential  to  distinctness  of  vision ;  by  using  an  eye-piece  of  shorter 
focus  we  can  readily  augment  the  size  of  the  object,  but  we  cannot 
increase  the  light  afforded  by  the  object-glass  :  hence  in  increasing 
our  magnifying  power  progressively  a  point  is  soon  reached,  at 
which  the  advantage  of  increased  size  is  wholly  neutralised  by  the 
dinmess  and  indistinctness  of  the  object,  and  as  with  few  excep- 
tions the  brightest  of  nebul©  are  dim  and  indistinct  compared  with 
the  larger  planets,  it  will  readily  be  understood  why  moderate 
powers  are  essential  in  the  one  case  though  not  in  the  other. 

DOUBLE  STARS. 

The  only  restrictions  the  observer  of  double  stars  is  under 
depend  upon  the  state  of  the  air  and  the  aperture  of  his  telescope ; 
subject  to  these,  he  may  employ  the  highest  powers  he  possesses. 
Using  a  telescope  of  3  inches  aperture  I  have  found  lao  to  be 
a  very  serviceable  power  for  doubles  whose  components  varied  in 
distance  between  3"  and  la".  For  stars  less  than  3"  apart,  240  was 
used  when  the  atmosphere  permitted,  whilst  stars  wider  than  i  a" 
looked  prettier  under  powers  lower  than  lao.  The  utmost  I  ever 
achieved  with  the  above  instrument  (an  excellent  one,  by  Cooke) 
was  to  see  the  3  stars  of  the  Triple  i  a  Lyncis,  the  a  nearest  of 
which  are  only  i'6"  apart.  In  scrutinising  difficult  doubles.  Sir 
W.  HerscheFs  advice  may  usefully  be  followed :  he  recommended 
that  the  focus  should  be  previously  adjusted  upon  a  single  star  of 
nearly  the  same  altitude,  size,  and  colour,  alleging  that  when  this 
was  done  the  peculiar  aspect  of  the  double  star  would  afterwards 
more  strikingly  appear.  Faint  stars,  indeed  faint  celestial  objects 
of  any  kind,  will  often  be  seen  by  viewing  them  from  the  side  of 
the  eye  when  direct  vision  fails  to  make  them  apparent.  The 
cause  of  this  is  not  clear,  but  the  fact  that  this  device  is  frequently 
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successful  when  all  others  fail,  admits  of  no  doubt.  When  about  to 
examine  faint  objects  the  eye  should  be  prepared  by  undergoing  a 
little  preliminary  training,  such  as  is  afforded  by  5  or  10  minutes 
rest  in  the  dark :  its  discerning  power  will  be  much  strengthened. 
The  apparent  inequality  of  the  two  components  of  a  double  di- 
minishes as  the  light  of  the  telescope  is  increased. 

MISCELLANEOUS   REMARKS. 

The  best  kind  of  light  for  use  in  an  observatory  (or  out  of  it)  is 
that  afforded  by  a  bull's-eye  lantern,  as  by  means  of  it  you  can 
throw  the  light  on  your  books  or  maps  without  materially  dis- 
tracting the  eye.  Gas  has  much  to  recommend  it  on  the  score 
of  cleanliness  and  saving  of  time  and  trouble,  but  the  excessive 
heat  it  gives  out  produces  so  many  currents  of  air  that  even 
with  the  utmost  precautions  as  to  ventilation  annoyance  will  be 
experienced  by  the  spoiling  of  the  definition. 

The  light  for  illuminating  the  wires  of  the  transit  instrument 
should  enter  through  a  piece  of  red  glass,  which  least  of  all  colours 
affects  the  eye,  and  the  observations  will  be  much  more  reliable 
if  made  with  the  minimum  amount  of  light  which  will  permit  the 
wires  and  the  star  to  be  clearly  seen. 

The  most  convenient  kind  of  coat  for  an  observer  is  a  common 
shooting  coat,  as  its  front  pockets  are  very  useftil  as  receptacles  for 
eye-pieces  and  so  forth;  and  as  regards  head-gear,  nothing  is 
better  than  a  simple  skull-cap  without  peak  or  brim  of  any  kind. 
I  have  long  used  a  Turkish  fez,  but  it  is  rather  hot  in  summer 
weather. 

Nights  on  which  stars  shine  brightest  to  the  naked  eye  are 
frequently  of  little  value  for  astronomical  observation,  whilst  hazy 
dull-looking  nights  often  enable  important  features  to  be  brought 
out;  specially  is  this  the  case  with  the  large  planets. 

Methodical  astronomical  observation  will  be  greatly  facilitated 
by  the  employment  of  printed  forms  on  which  to  record  the  results 
arrived  at.  I  append  3  such  forms,  which  I  have  found  very 
usefid  in  their  several  departments. 
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I.     FORM  FOR  STAR  TRANSITS. 


No. 
Star 

Wire  I. 
II. 

III.  .. 

IV.  .. 
V. 

Observed  piiMage 
R.  A.  of  Ktar 
Clock  error 

•  • 

•  • 

•  • 

•  * 
■  ■ 

•  • 

•  m 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

Date 
Decl. 

m. 

•. 

•2 

Meao  wire 

h. 

•  • 

•  • 

•  • 

I 


2.     FORM  FOR  OBJECTS  TO  BE  OBSERVED. 


No. 


Object. 


R.A. 
h.    m.     •. 


DecL 


Date 


Memoranda. 


Rcnuriu. 
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3.    FORM  FOR  CIRCLE  READINGS. 


No.                       Name 
Vernier  A 

D»      .  .              .  . 

Mean  reading 
Therefore  hour  angle  = 
Clock 

Deduced  E.  A. 
Clock  error  . . 

True  R.  A.    . . 

h. 

34 

B.A. 

m. 

0 

0 

Date 
Vernier  A.    . . 

X3*        •  •                •  • 

Mean  reading 
[Therefore  decl.  ss. 

Refraction     .. 
True  decl. 

Declination. 

] 

No.  I  requires  no  explanation.  [See  ante,  p.  658.] 
No.  a  will  be  found  to  conduce  greatly  to  the  economy  of  time 
on  a  good  night.  All  the  observer  has  to  do  is  to  write  out  in  the 
day-time  the  objects  he  wishes  to  examine^  with  their  positions 
(revised  for  precession  if  needful)  accompanied  by  a  precis  of  their 
striking  features ;  then  when  evening  arrives  he  is  ready  for  action 
without  the  mortification  of  losing  half  of  a  valuable  night  in 
deciding  what  to  look  for,  and  in  rummaging  over  half  a  dozen 
catalogues  to  acquaint  himself  with  where  to  look  for  what  he 
wants.  The  observer's  own  notes  are  to  be  set  down  in  the  last 
column,  and  may  be  transcribed  at  leisure. 

No.  3  will  be  found  of  less  frequent  applicability.  It  is  useful 
when  an  observer  has  picked  up  a  strange  object  whose  position  he 
wishes  to  ascertain  approximately,  merely  for  purposes  of  identi- 
fication.  If  the  declination  circle  of  the  observer's  instrument 
reads  polar  distance,  an  extra  line  (bracketed  in  the  form  given 
above)  must  be  inserted  for  the  subtraction  of  the  mean  circle 
reading  &om  90"^  to  arrive  at  the  declination. 
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The  British  ABsociatton  some  years  ago  appointed  a  committee 
to  collect  and  digest  observations  of  luminous  meteors.  That 
committee  published  a  paper  of  diroc-tions  and  suggestions,  an 
abstract  of  which  I  think  is  entitled  to  a  place  in  this  work. 

I.  Compare  with  mngnitDilen  of  ttata,  brightDem  [ifjilaneU,  or  diameter  of  Moon. 

I.  State  wbetlier  brightneu  increuad  or  decrcaMd  during  tlie  nppearuice,  noting 
coloun,  if  any,  in  the  head,  train,  or  ■jiarki. 

3.  Distinguish  the  kinil  of  Mraak  or  train,  whether  continuooo,  broken,  or 
afterwards  becoming  curved  ;  if  itationary  for  nuuij  secoDdi,  oxamiDe  it  with  a 
telescope,  if  poviblu. 

4.  State  eatimated  duimtion  of  flight,  and,  a*  ftr  aa  pomble,  precise  time  of  diaap- 
peannce,  espedall;  if  larger  than  Venus  at  her  brit-htiMt. 

J.  Give  the  direction,  aa  (rom  one  star  to  another:  or  tho  altitude*  of  appearance  and 
diuppearance  ;  and  when  croaidng  the  obaerver'i  zenith,  or  moving  horiionlallj',  note 
Mpecially  from  what  point  of  the  compawto  uotber  it  niOTod  ;  alio  length  of  path. 

6.  NMe  any  uniuual  peculiarity  of  path,  aa  cunrett  or  aarpentine  ;  or  of  fonn,  aa 
olonpited  or  doable  ;  or  whether  it  banla. 

7.  In  case  of  the  bursting  of  very  large  meteore,  tiiten  attentively  for  any  uoiaa 
for  some  minutea,  noting  the  intervening  time. 

B.  In  such  cases,  make  specia]  inquiry  in  the  neighbourhood  as  to  whether 
anything  haa  been  seen  to  fiill. 

9.  If  nuuf  seen  on  any  one  night,  atate  geitenl  condition  of  sky,  moonlight, 
boarly  number  of  meteora,  average  length  of  path,  and  not«  the  radiant  point. 

10.  It  ia  deainble  to  make  eapedal  obeervations  on  every  fins  evening,  from 
g  to  10  P.u.  in  winter,  and  from  10  to  11  p.h.  in  summer;  and  if  on  any  night 
large  meteors  should  be  found  to  be  more  than  usually  numerous  between  these 
boors,  to  extend  the  watch  on  that  night  somewliat  longer. 

II.  Tho  iluys  in  each  month  most  Gtvnurable  for  aeuin);  meteors  may  be  stated  to 
be  aa  follows : — Jan.  1  and  15-19 ;  Fob.  10  and  ig  ;  Mnrch  I-4  and  16  ;  April  30 
and  16-30;  May  18;  Juno  6  and  10;  July  17.  ^0,  and  19;  Aug,  ,1,  7-13,  eapocially 
10;  Sept.  to  ;  Oct.  I-G  and  16-iJ  ;  Nov.  11-14,^19,  iS,  and  3a;  Dec.  6-14,  especially 
11,  and  14;  at  which  times  it  is  very  desirable  to  notice  as  accurately  a*  po«ible 
their  jimpor  direction  as  compared  with  that  of  the  Earth,  in  accordance  with  the 
instmctiuna  noted  in  No.  5. 

To  the  British  Association  we  also  owe  the  following : — 
Table  for  recording  Obtervatiom  on  Lutninova  Meteor*. 


1 

1 

-J 

'»^ 

1 
1 

iii 

llfi 

f 

iiij 

i 

\ 

\ 

The  use  of  which  i 
observation. 


greatly  calculated  to  facilitate   methodical 
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CHAPTER    IX. 

HISTORY  OF  THE   TELESCOPE. 

Early  hutory  lost  in  obscurity,-^  ViUXlo.-^Rogtr  Bacon. — Dr,  Dec — Digges, — BordlV« 
endeavour  to  find  out  who  was  the  inventor. — ffia  verdict  in  favour  of  Jansen  and 
Lipperaheim  o/Middldturg. — Statements  by  Bored. — Galileo's  inv€ntion,~^S€h€iner's 
use  of  two  double-convex  Lenses. — Lenses  of  long  focus  used  towards  the  dose  of 
the  i7<A  century, — Invention  of  B^fiectors. — Labours  of  Newton. — Ofllalley. — Of 
Bradley  and  Molyneux.—Of  Mudge.—Of  Sir  W,  Ilerschd.—Of  the  Earl  (tf 
Bosse. — Of  Mr.  Lassdl. — Improvements  in  Befracting  Telescopes. — Labours  of 
IIaU.^Of  EuUr.^Of  the  Dollonds.—The  largest  Brfractors  yet  made. 

THE  early  origin  of  the  telescope,  like  that  of  most  other 
important  inventions,  is  lost  in  obscurity,  and  it  is  now  im- 
possible to  determine  who  was  the  first  maker.  It  is  certain 
that  some  time  prior  to  the  end  of  the  13th  century  lenses  were  in 
common  use  for  assisting  in  procuring  distinctness  of  vision.  A 
certain  Yitello,  a  native  of  Poland,  seems  to  have  done  something 
in  this  line ;  and  Roger  Bacon,  in  one  of  his  works,  employs  ex- 
pressions which  shew  that  even  in  his  time  (he  died  in  1292) 
spectacles  were  known  '. 

Seeing  that  this  was  the  case,  it  is  almost  certain  that  some 
combination  of  2  or  more  lenses  must  have  been  made  in  the 
interval  which  elapsed  between  Bacon's  time  and  the  commence- 
ment of  the  17th  century,  when  telescopes  are  usually  considered 
to  have  been  invented.  Dr.  Dee^  mentions  that  though  some 
skill  is  required  to  ascertain  the  strength  of  an  enemy's  force,  yet 

*  Opus  MajuSf  part  iii.  cap.  iv.  p.  357,  ed.  S.  Jebb,  fol.  London  1773. 
^  Preface  to  Euclid's  Elements,  1570. 
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that  the  commander  of  an  army  might  wonderfully  help  himself 
by  the  aid  of  "  perspective  glasses,''  a  phrase  which  must  refer  to 
some  kind  of  optical  instrument  then  in  use.  The  well-known  old 
philosophical  writer,  Digges,  states  that  ''  by  concave  and  convex 
mirrors  of  circular  [spherical]  and  parabolic  forms,  or  by  paires  of 
them  placed  at  due  angles,  and  using  the  aid  of  transparent  glasses 
which  may  break,  or  unite,  the  images  produced  by  the  reflection 
of  the  mirrors,  there  may  be  represented  a  whole  region ;  also  any 
part  of  it  may  be  augmented,  so  that  a  small  object  may  be  dis- 
cerned as  plainly  as  if  it  were  close  to  the  observer,  though  it  may 
be  as  far  distant  as  the  eye  can  descrie<^/' 

A  second  edition  of  Digges's  work,  edited  by  his  son,  was  pub- 
lished in  1 59 1,  in  which  the  latter  affirms  that  "by  proportional 
mirrors  placed  at  convenient  angles,  his  father  could  discover  things 
far  oiT;  that  he  could  know  a  man  at  a  distance  of  3  miles,  and 
could  read  the  superscriptions  on  coins  deposited  in  the  open 
fields/'  Though  these  statements  are  doubtless  exaggerations,  yet 
that  some  kind  of  optical  instruments  were  known  to  the  writer  in 
question  there  can  be  no  doubt. 

A  claim  to  the  invention  of  the  telescope  has  been  put  in  on 
behalf  of  Baptista  Porta,  who  lived  between  1545  and  1618;  it 
is  probable,  however,  that  all  he  noticed  was,  that  an  object  viewed 
through  a  convex  lens  was  apparently  enlarged  in  size. 

Towards  the  middle  of  the  17th  century,  Borelli,  a  Dutch 
mathematician  of  some  repute,  published  a  book  ^  containing  the 
result  of  some  researches  carried  on  by  him  for  ascertaining  what 
he  could  connected  with  the  invention  of  the  telescope.  He  de- 
cides, on  the  whole,  in  favour  of  Zachariah  Jansen  and  Hans 
Lippersheim,  two  spectacle-makers  of  Middleburg,  Holland.  In  a 
letter  written  by  Jansen's  son,  the  date  of  the  discovery  is  stated 
to  have  been  1590,  though  another  account  makes  it  161  o.  In 
the  same  work  is  given  a  letter,  written  by  M.  Boreel  (Dutch 
minister  at  the  Court  of  St.  James's),  who  mentions  that  he  was 
acquainted  with  the  younger  Jansen,  and  had  often  heard  of  his 
father  as  the  reputed  inventor  of  the  microscope,  adding  that  tele- 

o  Pantometria^  I57i' 

^  De  Vero  TeletcopU  Inveniare,  4to.  Hags  1665. 
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scopes  were  first  made  by  Jansen  and  Lippersheim  in  i6io^  who 
presented  one  to  Prince  Maurice  of  Nassau,  by  whom  they  were 
desired  to  keep  secret  their  discovery,  as  he  thought  he  might,-  by 
means  of  one  of  these  instruments,  obtain  advantages  over  the 
enemy,  Holland  being  then  at  war  with  France. 

Boreel  further  mentions  that  Adrian  Metius  and  Cornelius 
Drebbel  went  to  Middleburg  and  purchased  telescopes  from  Jansen. 
Descartes's  account  differs  from  this.  He  says®  that  about  30 
years  previous  (to  1637,  when  his  book  was  published),  Metius, 
who  was  fond  of  making  burning-glasses,  by  chance  placed  at  the 
end  of  a  tube  2,  lenses,  the  one  thicker  in  the  middle,  and  the 
other  thinner,  than  at  the  edges,  and  thus  formed  the  first 
telescope.  It  is  now  impossible  to  reconcile  these  discrepancies. 
Harriot  observed  the  Sun  with  a  telescope  in  the  year  1610,  as 
we  learn  from  his  papers,  edited  and  published  a  few  years  ago 
by  Professor  Bigaud,  but  there  is  no  evidence  to  shew  whether  it 
was  of  English  or  foreign  construction. 

Whatever  may  have  been  the  exact  period  at  which  the  tele- 
scope was  invented,  certain  it  is  that  the  knowledge  of  it  was 
for  some  years  confined  to  northern  Europe.  Galileo  knew  nothing 
of  it  until  1609,  when  he  casually  received  some  information  on 
the  subject  from  a  German  he  met  at  Venice.  He  mentions  that 
he  then  desired  a  friend  at  Paris  to  make  certain  inquiries  for  him. 
On  receiving  some  information  to  guide  him,  he  was  enabled  to 
contrive  a  telescope  on  the  principle  already  referred  to,  magnifying 
no  less  than  3  times  I  He  subsequently  made  one  magnifying  30 
times.  The  fruits  of  this  discovery  are  well  known,  and  include  spots 
on  the  Sun,  the  satellites  of  Jupiter,  the  phases  of  Venus,  &;c. 

Though  a  telescope  made  on  this  principle  is  exceedingly  de- 
fective for  viewing  distant  objects,  on  account  of  the  small  field 
it  embraces,  yet  some  years  elapsed  before  any  improvement  was 
made. 

Kepler  first  pointed  out  the  possibility  of  forming  telescopes  of 
2  convex  lenses ',  but  he  did  not  reduce  his  idea  to  practice,  neither 
was  it  done  for  many  years  afterwards.     Scheiner,  in  1650,  de- 

«  Dioptrica,  cap.  i. :  Lugduni  Batavorum  1637.  '  Ibid. 
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scribed  an  instrument  of  this  kind,  adding  that  he  shewed  one 
to  the  Archduke  Maximilian  13  years  previously',  and  that  the 
images  were  inverted.  About  this  time  De  Bheita  constructed 
telescopes  of  3  lenses,  which  combination  he  stated  gave  a  better 
image  than  2 ;  he  also  made  binocular  telescopes,  instruments  having 
2  tubes  side  by  side,  and  furnished  with  similar  magnifying  powers. 
I  have  already  6|)oken  of  chromatic  aberration,  and  of  the  im- 
mense focal  length  of  some  of  the  lenses  used  for  telescopes.  This 
was  towards  the  close  of  the  17th  century.  Campani  of  Bologna, 
in  1672,  made  for  Louis  XIV  a  telescope,  the  focal  length  of  whose 
object-lens  was  136  feet;  Auzout  had  one  600  feet,  but  he  was 
unable  to  use  it,  it  seems.  Huyghens  presented  one  to  the  Royal 
Society  which  had  a  focus  of  123  feet^,  and  which  is  still  preserved 
by  that  illustrious  body.  Practical  astronomy  is  indebted  to 
Huyghens  for  the  negative  eye-piece — a  most  valuable  invention. 

The  extravagant  lengths  which  the  dioptric  telescopes  had  now 
reached  resulted  in  attempts  being  made  to  see  whether  an  equal 
magnifying  power  could  not  be  attained  in  some  other  manner. 

Mcrsenne,  in  1639,  suggested  the  employment  of  a  spherical 
reflector  for  forming  an  image  which  might  be  magnified  by  means 
of  a  lens.  Descartes,  to  whom  the  proposal  was  submitted,  ridi- 
culed it,  and  in  consequence  (we  may  presume)  the  idea  was 
dropped.  However,  in  1663,  Gregory  renewed  it,  though  it  does 
not  appear  that  he  had  any  previous  knowledge  of  what  Mersenne 
had  proposed,  using,  instead  of  a  spherical,  a  paraboloidal  speculum. 
He  came  to  London  for  the  purpose  of  getting  an  instrument  of 
the  kind  constructed,  but  not  finding  any  workman  who  could 
do  it,  he  was  obliged  to  relinquish  the  project. 

Shortly  after,  Newton,  finding  that  it  was  impossible  to  over- 
come the  aberration  caused  by  the  unequal  refrangibility  of  the 
different  coloured  rays  of  light,  gave  up  the  hope  of  constructing 
refracting  telescopes  which  were  likely  to  be  of  any  great  use,  and 
turned  his  attention  to  the  manufacture  of  reflectors.  Having  in 
1669  found  an  alloy  which  he  thought  would  be  suited  for  a 
speculum,  he  began  to  cast  one  and  grind  it  with  his  own  hands, 

«  Bom  Ursina,  &c.  »»  Astro$copia  Compendiaria :  Hagie  1684. 
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and  early  in  1672  he  completed  2  telescopes,  a  detailed  account 
of  which  he  transmitted  to  the  Royal  Society  *.  The  radius  of  the 
concavity  of  the  one  was  13  inches,  and  its  magnifying  power,  38. 
In  the  same  year  that  Newton  finished  his  telescopes,  Cassegrain 
proposed  the  arrangement  which  now  bears  his  name,  though  it 
does  not  appear  that  he  actually  constructed  one.  The  first  re- 
flecting telescope,  the  speculum  of  which  was  pierced  in  the  centre 
so  as  to  permit  objects  to  be  viewed  by  looking  at  them  directly, 
was  made  by  Hooke  in  1674^. 

Very  little  progress  was  made  in  improving  reflecting  telescopes 
for  many  years,  in  consequence  of  the  difficulty  in  obtaining  metal 
suitable  for  specula.  In  17 18  Halley  made  2,  each  5  feet  long*; 
and  Bradley  and  Molyneux,  in  1738,  succeeded  in  making  a  satis- 
factory one  ",  and  having  instructed  two  London  opticians.  Scarlet 
and  Hearne,  they  made  some  for  general  sale.  Short  and  Mudge 
were  also  labourers  in  this  field  °.  They  were  soon  followed,  and 
completely  eclipsed,  by  Dr.  (afterwards  Sir  William)  Herschel  ®. 
In  late  years  the  Earl  of  Rosse  p,  Mr.  De  La  Rue,  and  Mr.  Lassell 
have  ground  some  very  large  and  perfect  mirrors. 

Though  the  above  improvements  were  progressively  made  in 
reflecting  telescopes,  it  must  not  be  supposed  that  attempts  to 
obtain  achromatic  combinations  of  glass  lenses  were  abandoned. 
In  1729,  Mr.  Chester  More  Hall,  being  of  opinion  that  an  exami- 
nation of  the  physical  constitution  of  the  eye  would  afford  some 
clue  to  the  best  means  for  forming  achromatic  combinations  of 
lenses,  set  to  work,  and  at  length  succeeded  in  obtaining  the  much- 
desired  result — an  image  free  from  colour.  Several  persons  are 
said,  towards  the  close  of  the  last  century,  to  have  possessed 
telescopes  made  by,  or  under  the  superintendence  of,  Mr.  Hall  **. 

In  1747  Euler  came  to  the  same  determination  as  Hall,  but  did 
not  obtain  the  same  successful  results.  He  proposed  to  employ 
a  lens  compounded  of  glass  and  water,  but  it  was  a  signal  failure '. 


*  PhU.  Tram,,  vol.  vii.  p.  4004.    1671.  p  Phil.  Trans.,  vol.  cxI.  p.  490.  1850. 
^  Birch, //{«f.  Boy.  Soct  vol.  iii.  p.  laa.  4  Gent.  Mag.,  vol.  Ix.  part  ii.  p.  8^. 

*  PkU.  Traru.,  vol.  xxxii.  p.  303.    1723.  1790. 

"»  Smitirs  Opticks,  vol.  ii.  p.  302.  '  Transactiona  of  the  Berlin  Academy. 

n  PAi/.  jTratM.,  vol.  Ixvii.  p.  296.  1777.  t747. 
®  Ibid.,  vol.  Ixxxv.  p.  347.  1795. 
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Dollond  in  1758  invented  the  achromatic  combination  now  in 
use,  for  which  he  received  from  the  Royal  Society  the  Copley 
Medal;  and  in  1765  his  son,  Peter  Dollond,  found  that  spherical 
aberration  could  be  diminished  by  using  lenses  of  different  kinds  of 
glass*. 

Since  this  period  great  advances  have  been  made  in  the  manu- 
facture of  telescopes,  more  especially  in  respect  of  the  size  and 
purity  of  the  glass  employed. 

Amongst  the  observatories  possessing  refractors  of  the  largest 
size  may  be  mentioned  Pulkova,  Cambridge  U.S.,  Paris,  Green- 
wich, Cincinnati  U.S.,  Campden  Hill,  Cambridge  (England),  and 
Munich ;  all  of  which  have  instruments  with  object-glasses  exceed- 
ing II  inches  aperture.  The  largest  object-glass  in  existence  is 
one  now  (and  for  some  years  past)  in  course  of  construction  by 
Cooke  and  Sons  for  Mr.  B.  S.  Newall  of  Gateshead. 

•  Phil.  Trani.t  vol.  1.  p.  733.     1758. 


BOOK    VIII. 

A.    SKETCH    OF    THE    HISTORY    OF 

ASTRONOMY. 

IT  is  not  my  intention  in  the  present  book  to  enter  into  a 
regular  histoiy  of  Astronomy:  that  would  occupy  more 
space  than  could  be  afforded;  and,  besides,  there  already  exist 
several  exhaustive  books,  both  in  the  English  and  French 
languages.  All  therefore  that  I  shall  attempt  here  will  be  a 
chronological  summary  of  the  rise  and  progress  of  the  science 
from  the  earliest  period  \ 

It  is  difficult  to  assign  any  exact  date  for  the  origin  of  As- 
tronomy, so  ancient  and  so  lost  in  obscurity  is  it:  I  begin 
therefore  with — 

B.C. 

720.  Occurrence  of  an  eclipse  of  the  Moon,  observed  at  Babylon,  and 

recorded  by  PtoUmy, 
719.  Occurrence  of  2  eclipses  of  the  Moon,  also  observed  at  Babylon,  and 

also  recorded  by  Ptolemy. 
639 — 546.  Tholes,  of  Miletus,  founder  of  the  Ionian  School,  and   of 

Astronomy  and  Qeometry  in  Greece. 
610 — 547.  Anaximander,  of  Miletus,  an  astronomical  speculator. 
594.  Solan  "  reforms  "  the  Calendar,  making  it  less  accurate  than  it  was 

before  \ 
585.  Occurrence  of  a  solar  eclipse,  said  to  have  been  predicted  by  Thales. 
569 — 470.  Pythagoras,  founder  of  the  School  of  Croton.     He  suspects 

the  motion  of  the  Earth,  but  leaves  no  writings. 

*  The  first  time  an  aBtronomer's  name  oocnn  it  is  printed  in  Italics. 
^  How  much  like  many  modem  reforms  ! 
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545.  Anaximander  erects  the  first  Sun-dial  at  Sparta. 

540 — 500-  XenaphaneSj  of  Colophon,  founder  of  the  Eleatic  School    He 

thinks  that  the  heavenly  bodies  are  luminous  clouds. 
525.  AnctxifMne8j  who  considers  that  the  Sun  is^^  like  a  leaf. 
520 — 460.  PcvrmenideSj  of  Elea,  who  is  said  to  have  taught  the  sphericity 

of  the  Earth,  and  the  identity  of  the  morning  and  evening 

stars. 
504.  UeraclitiiSf  of  Ephesus,  an  astronomical  speculator. 
499 — 430.  Anaxagoras,  of  Clazomcnse,  geometer  and  active  observer. 

Correctly  explains  eclipses,  and  is  prosecuted  for  impiety. 
490 +  <  Alcvruxon,  of  Croton,  who  states  that  the  planets  move  from  W.  to 

E.,  or  contrary  to  the  stars. 
469 — 399.  SocrateSf  who  condemns  the  study  of  astronomy,  except  so  far 

as  is  necessary  for  the  measurement  of  time  and  land. 
459 — 3^^-    Denwcritus,   of    Abdera,   who  writes   on  astronomical  and 

mathematical  subjects. 
455.  EmpedocUsj  of  Agrigentum,  who  writes  on  the  constitution  of  the 

universe. 
450.  DiogeneSy  of  Apollonia,  who   states   that  the   inclination  of  the 

Earth's  axis  is  intended  to  cause  the  seasons. 
433.  Meton  erects  the  first  Sun-dial  at  Athens. 
432.  Meton  introduces  the  luni-solar  period  of  19  years. 
424.  Meton  and  Eucteition  observe  a  solstice  at  Athens. 
406.  Eudoxusy  of  Cnidus,  geometer  and  mathematician. 
400.  Fhilolaus,  a  distinguished  disciple  of  Thales,  the  first  to  conmiit  to 

writing  his  master's  opinions. 
388.  (d).  Theophrastus,  author  of  a  history  of  astronomy.     At  about  this 

time  Eudemus,  also  an  historical  writer,  flourishes. 
384 — 322.  Aristotle,  writer  on  many  physical   subjects,    including   as- 
tronomy.    The  Humboldt  of  Greece. 
370.  Eudoxus  introduces  into  Greece  the  year  of  36 5 J  days. 
330.  Catippua  introduces  the  cycle  of  76  years  as  an  improvement  on 

Meton's.     Pytheas  measures  the   latitude  of  Marseilles,   and 

points    out    the    connexion    between    the    Moon     and     the 

tides. 
323 — 283.  Euclid  (the  school-boy's  enemy!),  who  writes  on   celestial 

phenomena,  and  also  his  well-known  Elements  of  Geometry. 
320 — 300.  AutolychuSy  author  of  the  earliest  works  on  astronomy  extant 

in  Greek.      About  this  time  Timocharis  and  AristyUua  make 

those   observations   which   afterwards   enable    Hipparchus   to 

discover  and  determine  the  precession  of  the  Equinoxes. 
306.  First  Sun-dial  erected  at  Rome  by  Papirius  Cursor. 
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287 — 212.  ArchimedeSf  of  Syracuse,  who  observes  solstices,  and  attempts 
to  measure  the  Sun*s  diameter  :  he  is  however  more  celebrated 
as  a  natural  philosopher. 

281.  ArcUuSj  of  Cilicia,  author  of  an  interesting  poem  on  astronomy, 
which  has  been  translated  into  English  verse  by  Lamb. 

280.  Aristarchtis,  of  Samos,  author  of  a  work  on  the  magnitudes  and 
distances  of  the  Sun  and  Moon. 

276 — 196.  Eratosthenes,  of  Syene,  who  determines  with  considerable 
accuracy  the  obliquity  of  the  ecliptic,  and  also  the  latitude  of 
Alexandria.  Other  important  observations  are  attributed  to 
him. 

260.  Mcmetho,  an  Egyptian,  author  of  a  history  now  lost. 

250 +  .  Conon,  of  Samos,  a  celebrated  astronomer. 

220.  ApoUoniuSj  of  Perga,  author  of  a  treatise  on  Conic  Sections  and  a 
planetary  theory. 

190 — 120.  HipparchtiSf  possibly  of  Bithynia,  the  most  distinguished  of 
the  Greek  astronomers.  He  writes  a  commentary  on  Aratus  ; 
discovers  the  precession  of  the  equinoxes ;  first  uses  Right 
Ascensions  and  Declinations,  though  afterwards  abandons  them 
for  longitudes  and  latitudes  ;  probably  invents  the  stereographic 
projection  of  the  sphere  ;  determines  the  mean  motion  of  the 
Sun  and  Moon  with  considerable  exactness ;  suspects  that 
inequality  of  the  latter  afterwards  discovered  by  Ptolemy,  and 
known  as  the  Evection  ;  calculates  eclipses,  and  forms  the  first 
regular  catalogue  of  stars,  &c.,  &c.  Altogether  we  may  fairly 
call  him  the  Newton  of  Greece. 

^35*  (^•)  PosidomuSy  who  attempts  to  verify  Eratosthenes'  measure  of 
the  EartL     His  works  are  all  lost 
50.  Sosigenes,  of  Alexandria,  in  conjunction  with  Julius  Ctesar,  plans 
the  Julian  reform  of  the  Calendar. 

A.D. 

10.  McmUius  writes  a  poem  on  astronomy  and  astrology. 

50.  Senecttf  tutor  to  the  Emperor  Nero.     He  writes  a  work  on  natural 

philosophy,  which  contains  many  astronomical  allusions,  more 

especially  to  comets ;  these  he  surmises  to  be  planets  of  some 

kind. 

80.  Menelavs  writes  treatises  on   spherical   trigonometry,  and  makes 

observations  at  Rome  and  Rhodes. 
117  ()).  Theouy  of  Smyrna,  makes  observations  at  Alexandria,  and  writes 
on  astronomy. 
. . .  Oleomedea  writes  on  astronomy.     It  is,  however,  uncertain  whether 
he  lived  before  or  after  Ptolemy,  though  probably  before. 

3Aa 
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117  (?).  Geminus,  about  the  same  time  as  Cleomedes,  writes  on  celestial 
phenomena. 

100 — 170.  Ptolemy,  of  Alexandria,  a  well-known  observer  and  writer, 
author  of  the  celebrated  McyoXi;  Svirajtr,  called  by  the  Arabians 
the  Almagest,  This  work  contains  amongst  other  things  a 
review  of  the  labours  of  Hipparchus ;  a  description  of  the 
heavens  and  the  Milky  Way ;  a  catalogue  of  stars  ;  sundry 
mechanical  arguments  against  the  motion  of  the  Earth  ;  notes 
on  the  length  of  the  year,  &c. 
To  Ptolemy  we  owe  the  discovery  of  the  Lunar  Evection,  and  the 
refraction  of  the  atmosphere,  and  a  theory  of  the  universe 
which  bears  his  name. 

173.  Sextua  Empvricua  writes  against  Chaldean  astrology. 

238.  CeTisorinut  writes  on  astrology  and  chronology. 

370.  Julius  Firmicus  Matemua  writes  on  astronomy. 

383.  Pa/ppu8y  of  Alexandria,  writes  a  commentary  on  Ptolemy,  all  of 
which  is  lost. 

385.  TheoTif  of  Alexandria,  writes  an  able  commentary  on  Ptolemy.  He 
leaves  some  tables,  and  methods  for  constructing  Almanacs. 

415.  HypcUia,  daughter  of  Theon,  the  first  female  on  record  celebrated 
for  her  scientific  attainments.     Murdered  in  this  year. 

470.  Marticmtta  Capella  writes  a  work  called  the  ScUyricon,  which 
contains  a  few  astronomical  ideas.  Amongst  others,  that 
Mercury  and  Venus  revolve  round  the  Sun. 

500.  ThiuSj  of  Athens,  who  makes  some  occultation  observations,  &c. 

546.  Simplicvua  writes  a  commentary  on  a  work  of  Aristotle,  now  lost. 

550.  Prochia  Diadochus  writes  a  conuneutary  on  Euclid,  and  on  the 
astrology  of  Aristotle,  and  also  on  some  astronomical  phe- 
nomena. 

636.  Isidore,  Archbishop  of  Hispalis  (Seville),  who  writes  on  astronomy. 

640.  Destruction  of  the  Alexandrian  School  of  Astronomy  by  the 
Saracens  under  Omar. 

720.  Bede,  who  writes  an  astronomical  work. 

762.  Rise  of  astronomy  amongst  the  eastern  Saracens,  on  the  building  of 
Bagdad  by  the  Caliph  Al  Mansur.  Amongst  this  nation 
astronomy  made  great  progress  during  the  succeeding  cen- 
turies. 

880.  Alhategnius  or  Albatani,  The  most  distinguished  astronomer 
between  Hipparchus  and  Tycho  Brake,  He  discovers  the 
motion  of  the  solar  Apogee,  corrects  the  value  of  precession  and 
the  obliquity  of  the  ecliptic.  Forms  a  catalogue  of  stars. 
First  uses  sines,  chords,  &c. 
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950.  Alfragarms  or  M-Fergadi  and  ThcUet  Ben  Korrah  both  live  about 
this  time.  The  first  writes  on  astronomy  ;  and  the  second 
propounds  a  theory  relating  to  the  ecliptic 

1000.  Ehn  Ywnia  and  AIM-Wefa  both  live  about  this  time.  The  former 
is  an  Egyptian  astronomer  of  merit.  He  leaves  a  work  con- 
taining tables  and  observations,  which  displays  a  considerable 
knowledge  of  trigonometry.  He  is  the  first  to  use  subsidiary 
angles.  AbM-Wefa  is  the  first  to  employ  tangents,  co-tangents, 
and  secants,  and  is  thought  by  some  to  have  discovered  the 
lunar  inequality  known  as  the  Variation. 

1050.  Michel  Psellus,  The  last  Greek  writer  on  astronomy  of  note. 
Alphetragius  devises  an  explanation  of  the  motions  of  the 
planets. 

1079.  Om(vr,  a  Persian  astronomer,  proposes  to  reform  the  Calendar  by 

interpolating  i  day  every  4th  year,  postponing  to  the  33rd  year 
the  interpolation  belonging  to  the  32  nd.  This  would  have 
produced  an  error  of  only  i  day  in  5000  years :  the  Gregorian 
error  is  i  day  in  3846  years. 

1080.  Arsackdy  a  Spanish  Moor,  constructs  some  tables.     Alhoaen  writes 

on  Refraction,  and  Geber^  about  this  time,  introduces  the  use 
of  the  co-sine,  and  makes  some  improvements  in  spherical 
trigonometry. 

1 200.  Ahbl  Ha88cm  forms  a  catalogue  of  stars,  and  makes  some  improve- 
ments in  the  practice  of  dialling. 
About  this  time,  or  earlier,  the  Persians  construct  some  tables 
which  were  translated  by  a  Greek  physician  named  Chrysococca, 
in  the  14th  century.  The  best  known,  however,  are  those  of 
Nastreddiny  published  in  1270,  under  the  patronage  of  Hulagu, 
grandson  of  Genghis  Khan. 

1220.  Sacrobasco  (Anglic^,  Holyvoood)  writes  a  work  on  the  sphere, 
based  on  Ptolemy  ;  he  also  writes  on  the  Calendar.  About  this 
time  Jordamus  writes  on  the  planisphere. 

1230.  About  this  year  the  Ahnageat  is  translated  into  Latin  from  the 
Arabic,  under  the  auspices  of  Frederick  II,  Emperor  of  Germany. 

1252.  Alphatuo  X,  King  of  Castile,  aided,  as  it  is  supposed,  by  certain 
Arabs  and  Jews,  compiles  the  Alphonsine  Tables, 

1 255.  Eoger  Bacon  writes  on  astronomy. 

1280.  Cocheovrking  makes  a  number  of  good  observations,  and  uses 
spherical  trigonometry,  under  the  patronage  of  Kublai^  brother 
of  Hulagu. 

1433*  Ul^^  Betghy  grandson  of  Timour  or  Tamerlane,  makes  numerous 
observations  at  Samarkand,  and   is  especially  noted  for  his 


726  The  History  of  Astronomy.        [Book  Vm. 

catalogue  of  stars.  He  also  gives  tables  of  geographical 
latitudes  and  longitudes. 

1440.  Cardinal  Ctisa  writes  on  the  Calendar,  and,  as  some  affirm,  in 
favour  of  the  Earth^s  motion. 

1460.  George  Purbach  publishes  trigonometrical  tables,  and  a  planetary 
theory  somewhat  like  that  of  Ptolemy. 

14^6..  John  Mailer,  better  known  by  his  Latin  name  Begiomontanus, 
writes  an  abridgment  of  the  Almagest,  and  forms  some  exten- 
sive trigonometrical  tables  and  Almanacs. 

1484.   WcUthems  uses  a  clock  with  toothed  wheels. 

i486.  George  of  Trebizonde,  called  Trctpezuntius,  first  translates  tba 
Almagest  from  the  Greek  into  Latin. 

1495.  Bianchini  publishes  tables. 

1504.  (d.)  Waltherus,  a  pupil  of  R^omontanus,  makes  numerous  obser- 
vations. 

152 1.  jRiccius  writes  a  treatise  on  astronomy,  with  especial  reference  to 
its  history. 

1528.  (d.)  Werner,  who  gave  a  more  correct  value  of  the  precession  of 
the  equinoxes.  Femel  gives  a  very  correct  measure  of  a  degree 
on  the  meridian.  Delambre  remarks  that  it  must  have  been 
accidental,  seeing  that  his  <lata  were  very  imperfect. 

1 53 1,  (d.)  Stoffler,  who  wrote  on  the  astrolabe  and  published  Almanacs 
for  50  years. 

1543-  Publication  of  Copemicus's  De  RevolrUionifyns  Orbium  Celesttuni^ 
in  which  is  propounded  his  theory  of  the  universe,  &c  The 
illustrious  author  dies  in  this  year. 

1552.  (d.)  Apian,  who  studied  comets  with  great  diligence.     Munster 

writes  on  clocks  and  dials. 

1553.  (d-)  Bheinhold   (a   friend   of    Copernicus),   who  constructed   the 

Prutenic  Tables. 

1555.  (d.)  Gemma  Frisius. 

1556.  Dr.  Bee  publishes  a  book  on  geometry. 

1558.  (d.)  Becorde,  said  to  have  been  the  first  English  writer  on  as- 
tronomy and  the  sphere. 

1 57 1,  (d.)  Leonard  Digges,  author  of  The  Prognostication  Everlasting, 

and  other  works. 

1572.  Apparition  of  a  new  star  in  Cassiopeia,  whose  position  is  deter- 

mined by  Hagecius,  by  measuring  the  meridian  altitude,  and 
noting  the  time  at  which  the  observation  was  made. 

1573*  Thomas  Digges  proposes,  as  a  means  for  determining  the  positions 
of  celestial  objects,  the  method  of  equal  altitudes. 

1576.  (d.)  Bhetietis,  editor  of  the  Opus  PaiUxtinu/m. 
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1577.  (d.)  Nonius,  inventor  of  an  ingenious  division  of  the  circle. 
Apparition  of  a  comet  upon  which  Tycho  Brahe  makes  obser- 
vations for  the  detection  of  parallax,  in  which  he  fails,  thus 
shewing  that  comets  traverse  regions  more  removed  from  the 
Earth  than  the  Moon. 

1 58 1.  About  this  time  GalUeo  remarks  the  isochronism  of  the  pendulum. 

1582.  Tycho  Brahe  commences  making  observations  in  the   island  of 

Huenen,  in  the  Baltic,  near  Copenhagen. 
1592.  (d.)  The  Landgrave  of  Hesae  Casselj  a  diligent  amateur  observer. 

1594.  (d.)  Gerard  Mercaior,  author  of  the  projection  of  the  sphere  which 

bears  his  name. 

1595.  Thomas  Digges,  the  son  of  Leonard  Digges,  publishes  a  work  in 

this  year. 

1 596.  Fahricius  discovers  the  variability  of  «  CetL 

1599.  {^')  Rothnuvnn,  who  observed  comets.      Publication  of  Kepler  s 

Myateriv/m  Coamographicwm, 

1600.  Jordcmua  Bnmus  is  burnt  to  death  at  Rome  for  holding  certain 

opinions  on  the  system  of  the  universe. 

After  the  close  of  the  i6*^  century,  observers  and  observations 
begin  to  multiply  so,  that  henceforth  we  shall  find  it  convenient  to 
tabulate  the  principal  astronomers  of  note,  and  then  to  give,  in 
chronological  order,  an  epitome  of  their  labours.  The  dates  are 
those  of  their  deaths,  but  when  that  is  not  known,  the  date  of  the 
publication  of  some  work  is  given  in  parentheses. 

During  the  17th  century  we  have  the  following : — 


Tycho  Brahe 

1601 

FoDtana     . 

(J646) 

Bayer 

..    (1603) 

Longomontanue     ..          ..      1647 

Scaliger,  Joe 

1609 

TorriceUi    . 

— 

Clavius 

..     i6ia 

Descartes   . 

1650 

CalvigiuB     . . 

1615 

Scheiner 

— 

Wright       .. 

•  •                  •  •             ^^^ 

Wing 

1651 

Fabricius    . . 

1616 

Petavius     . 

165a 

Napier 

1617 

Crabtree 

— 

Ganter 

1626 

Pascal 

1^53 

Snellinn 

« •                  •  •              ^™^ 

Gassendi 

1^55 

Malapertius 

..     1630 

Lubienitz   . 

(1668) 

Vernier 

..    (1631) 

Biccioli 

1671 

Moestlin 

•    •                                          •    •                               ^M** 

Borelli 

1679 

Kepler 

•      •                                          •      •                               *^^ 

Dorfel 

(1680) 

Lansberg    . 

1631 

Picard 

i68a 

Schickbardt 

..            1635 

Hevelius 

1687 

Horroz 

I64I 

Auzout 

1^3 

GalUeo       .. 

164a 

Mercator,  K 

1^4 

Gaaooigne  . 

i<544 

Huyghens  • 

.       ...         ..     1695 

DeRheita. 

(1645) 
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1603.  Publication  of  Bayer's  Maps  of  the  Stars. 

1604.  Kepler  succeeds  in  obtaining  an  approximate  value  of  the  cor- 

rection for  refraction.  Apparition  of  a  new  star  in  Serpen- 
tarius. 

1608.  ffans  Lipperahdm,  of  Middleburg,  Holland,  invents  the  refracting 

telescope,  employing  a  convex  object-lens. 

1609.  Galileo  makes    a  telescope  with   concave    object-len&      Kepler 

publishes  his  work  on  Mars,  in  which  he  determines,  by 
Tycho  Brahe*s  observations,  the  elliptic  form  of  its  orbit, 
and  ratio  between  the  areas  and  the  times,  thus  enunciating 
his  ist  and  2nd  laws. 

1 6 10.  Galileo  announces  the  discovery  of  Jupiter's  satellites;  of  nebulae ; 

of  some  phenomena  in  connexion  with  the  appearance  of  Saturn, 
afterwards  found  to  proceed  from  the  ring;  the  phases  of  Venus ; 
the  diurnal  and  latitudinal  libration  of  the  Moon.  Harriot 
observes  spots  on  the  Sun. 

161 1.  Foundation  of  the  Lycean  Academy.     Galileo  and  J.  Fabricius 

observe    spots    on   the   Sun :    the   latter  discovers  its   axial 
rotation. 
1 6 1 4.  Napier  invents  logarithms. 

16 1 7.  SneUivs  measures,  by  triangulation,  an  arc  of  the  meridian  at 

Leyden.  In  consequence,  however,  of  the  imperfection  of  his 
instruments,  the  results  are  not  much  more  certain  than  the 
old  ones. 

16 18.  Kepler  publishes  his  3rd  law. 

16 19.  Snellius  discovers  the  law  of  refraction  from  one  medium  into 

another. 

1626.  Wenddinus  determines  the  diminution  of  the  obliquity  of  the 

ecliptic;  extends  Kepler's  laws  to  Jupiter's  satellites;  and 
ascertains  the  Sun's  parallax. 

1627.  Kepler  publishes  his  Rudolphine  Tables^  based  on  the  observations 

of  Tycho  Brahe. 

1630.  Zucchi  observes  the  belts  of  Jupiter. 

1 63 1.  Ga^sendi  observes  the  first  recorded  transit  of  Mercury  over  the 

Sun ;  and  measures  the  diameter  of  the  planet  Vernier 
describes  the  instrument  which  bears  his  name. 

1632.  Publication  of  Galileo's  Dialogues. 

1633.  Noruoood  measures  an  arc  of  the  meridian  between  London  and 

York,  and  obtains  a  more  correct  value  of  a  degree.  Descartes 
promulgates  his  "  System  of  Vortices.*'  Galileo  is  forced,  by 
the  bigotry  of  Romish  ecclesiastics,  to  recant  his  Copemican 
opinions. 
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1635.  Morin  perceives  stars  in  the  day-time. 

1637.  Horrox  suspects  the   long  inequality  in   the   mean   motions  of 

Jupiter  and  Saturn. 

1638.  Horrox  ascribes  the  motion  of  the  lunar  apsides  to  the  disturbing 

influence  of  the  Sun,  and  adduces  the  oscillations  of  the  conical 
pendulum  as  an  illustration  of  the  planetary  movement& 

1639.  Horrox  and  Crahtree  observe  the  first  recorded  transit  of  Venus 

over  the  Sun,  and  the  former  measures  the  planet's  diameter. 
Hokoa/rda  notes  the  variability  of  0  Ceti. 

1640.  Gaacoigne  applies  the  telescope  to  the  quadrant  and  the  micro- 

meter to  the  telescope. 

1646.  Fontcwut  observes  the  belts  of  Jupiter. 

1647.  Publication  of  HeveUua^s  Sdenographiaj  in  which  is  announced 

the  Moon's  libration  in  longitude. 

1650.  Spencer  constructs  a  telescope  with  a  convex  object-glass. 

1 65 1.  Shakerley  observes  a  transit  of  Mercury  at  Surat,  in  the  East 

Indies. 

1654.  Huyghena  completes  the  discovery  of  Saturn's  ring. 

1655.  Huyghens  discovers  that  satellite  of  Saturn  now  known  as  Titan. 

1656.  Huyghens  publishes  his  First  Treatise  on  Saturn. 

1657.  Foundation  of  the  Academia  del  Cimento  at  Florence. 

1658.  Huyghens  makes  the  first  pendulum  clock. 

1659.  Huyghens,   ignorant   of  what  Gascoigne    had    previously  done, 

invents  a  micrometer,  and  publishes  a  second  treatise  on 
Saturn.     ChUdrey  writes  on  the  Zodiacal  Light. 

1660.  MouJUm  applies  the  simple  pendulum  to  observations  of  differences 

of  Right  Ascension,  and  by  this  means  obtains  a  very  good 
measurement  of  the  Sun's  diameter. 

1 66 1.  Hevelius,  at  Danzig,  observes  a  transit  of  Mercury. 

1662.  Foundation  of  the  Royal  Society  of  London.    J,  D.  Cassini  begins 

his  researches  on  refraction.  Malvasia  improves  Huyghens' 
micrometer. 

1663.  Gregory  invents  the  reflecting  telescope  which   now  bears  his 

name. 

1664.  ffook  detects  the  rotation  of  Jupiter  on  its  axis.     J.  D.  Cassini 

observes  the  transit  of  the  shadow  of  a  Jovian  satellite. 

1665.  Cassini  determines  the  time  of  Jupiter's  rotation,  and  publishes 

the  first  Tables  of  the  Satellitea  Hooke  proposes  the  reticulated 
micrometer  for  the  measurement  of  lunar  distances.  The 
Brothers  BaU^  at  Minehead,  detect  the  duplicity  of  Saturn's 
ring. 

1666.  Cassini  determines  the  rotation  of  Mars  and  approximates  to  that 
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of  Venus.  Foundation  of  the  Academy  of  Sciences  at  Paria. 
Auzout^  ignorant  of  Qascoigne's  previous  labours,  I4>plie8  the 
micrometer  to  the  telescope.  Newton  first  directs  his  attention 
to  the  question  of  gravitation. 

1667.  Auzout  and  Picard  apply  the  telescope  to  the  mural  quadrant, 

without  knowing  that  Qascoigne  had  previously  done  the  same 
thing.  Some  Fellow  of  the  Royal  Society  proposes  to  employ 
the  seconds  pendulum  as  an  universal  unit  of  length. 

1668.  Cassini  publishes  his  Second  Tables   of  Jupiter's  Satellites,  and 

Hevelius  his  Cometographia. 

1669.  Newton  invents  the  reflecting  telescope  which  now  bears  his  name. 

1670.  Mouton  first  uses  interpolations  in  observations. 

167 1.  Picard  and  La  Hire  publish  their  degree  of  the  meridian,  obtained 

by  measuring. the  arc  between  Paris  and  Amiens.  Rieher,  in  a 
voyage  to  Cayenne,  observes  the  shortening  of  the  seconds 
]>cndulum  as  it  is  brought  towards  the  equator.  FlamHeed 
commences  observations  at  Derby.  Cassini  begins  the  observa- 
tions which  led  to  his  discovery  of  the  inclination  of  the  Moon's 
equator,  and  the  coincidence  of  its  nodes  with  those  of  its  orbit. 
He  also  discovers  that  satellite  of  Saturn  now  known  as 
lapetus. 

1672.  Cassini  discovers  that  satellite  of  Saturn  now  known  as  Rhea. 

1673.  Publication  of  Huyghens'  HoroUxjium  OsciHatorinm^  in  which  are 

found  the  5  theories  relating  to  central  forces.  Flamstecd 
explains  the  equation  of  time. 

1674.  Huyghens,  ignorant  of  what  Hook  has   previously  done,  causes 

spring  watches  to  be  made. 

1675.  R'&nier  projwunds  his  discovery  relating  to  the   transmission  of 

light,  as  detected  by  observations  on  Jupiter's  satellites. 
Foundation  of  the  Royal  Observatory,  Greenwich.  Romer 
applies  the  transit  instrument  to  the  determination  of  Right 
Ascensions. 

1676.  Flamsteed   commences   observations   at    the   Royal   Observatory, 

Greenwich. 

1677.  H alley  observes,  at  St.  Helena,  a  transit  of  Mercury. 

1679.  Publication  of  Halley's  Catalogue  of  Southern  Stars.     Commence- 

ment of  the  Cimnaisance  des  Tetnps. 

1680.  Flamsteed   enunciates  the   law  of  the  Moon's   annual  equation. 

Apparition  of  a  celebrated  comet,  noticeable  on  account  of 
its  very  small  perihelion  distance,  and  from  its  having  led 
Newton  to  the  opinion  that  comets  moved  in  conic  sections. 

1681.  Publication  of  Dor/eVs  work  on  Comets. 
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1683.  Cassini  and  La  Hire  diflcontinue,  till  1700,  the  arc  of  the  meridian, 

commenced  in  1680.  Erection  of  a  mural  quadrant  in  the 
meridian  at  the  Royal  Observatory  of  Paris.  Cassini  in- 
vestigates the  Zodiacal  Light. 

1684.  Cassini  discovers  those  satellites  of  Saturn  now  known  as  Tethys 

and  Dione. 
1687.  Publication  of  Newton's  great  Frincipia. 

1689.  Homer  uses  the  transit  instrument  for  taking  time. 

1690.  Huyghens  determines,  theoretically,  the  ellipticity  of  the  Earth. 

Publication  of  Hevelius's  Catalogue  of  Stars. 

1693.  Cassini   publishes  his  Third  Tables  of  Jupiter's   Satellites,-  and 

announces  his  discoveries  on  libration.  Halley  discovers  the 
secular  acceleration  of  the  Moon's  mean  motion. 

1694.  Newton  and  Flamsteed  commence  their  correspondence  on  the 

subject  of  the  lunar  theory  and  the  theory  of  refraction. 
1 700.  J.  D.  Cassini,  aided  by  J.  Cassini,  extends  southwards  the  arc,  com- 
menced by  himself. 

The  following  is  a  list  of  the  chief  astronomers  of  note  during 
the  18th  century : — 


Hooke 

..      1703 

Bird 

..    (17^) 

Romer 

..      1710 

De  L*Isle    .. 

..      1768 

Cassini,  J.  D. 

..      1712 

Long 

..     i77<^ 

Leibnitz 

..      1716 

Harrison 

..     177^ 

La  Hire,  P. 

..      1718 

Ferguson    . . 

— 

La  Hire,  G.  P. 

..      1719 

Lambert 

..     1777 

Flamsteed  . . 

— 

Zanotti 

..     178a 

Newton 

..      1737 

Wargentin 

..     1783 

Maraldi,  J.  P. 

..      1729 

Lexell 

..    (— ) 

Bianchini    . . 

•  •       — 

D'Alembert 

• .       — 

Manfredi    .. 

••      1739 

Eoler 

— 

Halley 

..      174a 

Cassini  De  Thury,  F. 

..     1784 

Maclaurin  .. 

•■      1746 

Boscovich  .. 

..     1787 

Bemonilli,  J. 

..      1748 

Maraldi.  J.  D. 

..     1788 

Graham 

•      1751 

Palitzch      . . 

— 

Whiston 

..      1755 

Lepaute,  Mdme. 

..     1789 

Cassini,  James 

..      1756 

LeG^ntil   .. 

..     179a 

Fontenelle  .. 

— 

Bailly 

•     1793 

Ximenes 

..    (1757) 

Saron 

..     1794 

Simpson,  T. ' 

1760 

Mudge 

— 

Dollond 

..      1761 

Du  S^jour  . . 

— 

Bradley 

..      176a 

Pingr^ 

..     1796 

La  Caiile    . . 

— 

Maraldi,  J.  P. 

..     X797 

Mayer,  T.  . . 

•  •        — : 

Borda 

..     1799 

Bliss 

. .      1764 

Le  Monnier 

-F- 

Hon>ebow  . . 

— 

Cassini,  Count 

.    (x8oo) 

Clairaut 

..      1765 

Ramsden    . . 

•  •               ^^^ 
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02.  La  Hire's  researches  on  the  theory  of  refraction. 

04.  Romer  commences  star  observations  with  a  meridian  circle. 

05.  Halley  predicts  the  return  of  the  comet  of  1682  in  1759. 
II.  Foundation  of  the  Royal  Observatory,  Berlin. 

14.  J.  Cassini  discovers  the  inclination  of  the  5th  satellite  of  Saturn. 

15.  Taylar^s  researches  on  refraction. 

18.  Bradley  publishes  his  Tables  of  Jupiter's  Satellites.  J.  Cassini 
and  J,  P,  MarcMi,  complete,  at  Dunkirk,  the  arc  commenced 
by  D.  Cassini 

19.  Maraldi's  researches  on  the  rotation  of  Jupiter. 
21.  Halley  communicates  to   the  Royal   Society  Newton*s  table  of 

refractions. 

25.  Publication  of  Flamsteed's  Histcria  CeUsUs.  Foundation  of  the  St. 
Petersburg  Observatory.  Harnson  announces  the  compensa- 
tion pendulum. 

26w  Biaiichini  determines  the  rotation  of  Venus.  Graham  invents  the 
mercurial  pendulum. 

27.  Bradley  discovers  the  aberration  of  light 

28.  Destruction,  by  fire,  of  Copenhagen  Observatory,  in  which  were 
stored  the  observations  of  R5mer,  and  Horrthow  his  successor, 
all  of  which  are  lost 

29.  Bouger  investigates  the  theory  of  refraction. 

31.  Hadley  invents  the  Sextant 

32.  J,  D,  MaraJdi  improves  the  theory  of  Jupiter's  satellites. 
MaujyerUiis  introduces  into  France  Newton's  theory.  Wright 
publishes  his  Lunar  Tables. 

36.  Maupertuis  and  others  measure  an  arc  in  Lapland,  and  Bouger 
and  La  Condamine  one  in  Peru. 

37.  La  CaiUe  and  Casdni  (III.)»  re-measure  the  arc  of  D.  Cassini. 
Clairaut  improves  the  theory  of  the  figure  of  the  Earth. 

38.  First  exjKjriment  on  the  deviation  of  the  plumb-line :  at  Chim- 
borazo,  and  probably  by  Bouger. 

39.  Publication  of  DurUhom^a  Lunar  Tables. 

40.  Publication  of  J.  Cassini's  Treatise  on  Astronomy,  in  which  are 
given  many  new  tables  by  himself  and  his  father. 

43.  Savary  proposes  the  divided  object-glass  micrometer. 

44.  Publication  of  Etder^a  Theoria  MotuAimj  the  first  analjrtical  work 
on  the  planetary  motions. 

45.  Bradley  discovers  the  nutation  of  the  Earth's  axis.  Bird  com- 
mences his  improvements  in  the  graduation  of  instruments. 

46.  Publication  of  Euler's  Solar  and  Lunar  Tables,  and  Wairgentin^s 
Tables  of  Jupiter's  Satellites. 
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1747.  Researches  of  Euler,  Clairaut,  and  jyAlemhert,  on  the  theory  of 

the  planets.  Mayer  confirms  by  observation  Cassini's  theory 
of  the  lunar  libration. 

1748.  Bouger,  unacquainted  with  Savery's  discovery,  proposes  a  double 

object-glass  micrometer,  which  he  calls  the  heliometer.  Pub- 
lication of  Euler*s  Essay  on  the  Motions  of  Jupiter  and 
Saturn. 

1749.  Investigations    by    Euler    and    D*Alembert    on    precession,    by 

D'Alembert  on  nutation,  and  by  Clairaut  on  the  motion  of 
the  lunar  apogee.     Publication  of  Halley's  Tables. 

1750.  Mayer  introduces  the  use  of  equations  of  condition.     JSo&comeh 

measures  an  arc  of  the  meridian  at  Rimini.  Publication  of 
Wright's  Theory  of  the  Universe,  in  which  is  propounded  that 
theory  of  the  Milky  Way  afterwards  adopted  by  Sir  W. 
Herschel,  and  generally  since. 

1 751.  La  Caille  goes  to  the  Cape  of  Good  Hope  to  commence  a  course 

of  observations. 

1752.  La  Caille  measures  an  arc  of  the  meridian  at  the  Capeof  Oood 

Hope. 
1754.  Publication  of  Halley*s  Solar  and  Lunar  Tables  by,  C7Aaj9pe  /  also 

of  Clairaut's  Lunar  Tables. 
1755*  DoUond  makes  a  divided  object-glass  micrometer.     Mayer  first 

suggests  the  idea  of  a  repeating  circle.     Occurrence  of  a  transit 

of  Mercury. 

1756.  Researches  of  D'Alembert  on  the  figure  of  the  Earth;  by  Euler 

on  the  variation  of  the  elements  of  elliptic  orbits;  and  by 
Clairaut  on  the  perturbation  of  Comets.  Mayer's  Catalogue 
of  Zodiacal  Stars. 

1757.  Publication  of  La  Caille*s  Astronomias  Fimdamenick. 

1758.  Publication  of  La  Caille's  Solar  Tables.     Invention  by  DoUond 

of  the  achromatic  object-glass.  Researches  by  Clairaut  and 
LcUcmde  on  the  orbit  of  Halley's  comet. 

1759.  Publication  of  Halley's  Planetary  Tables  by  Lalande.     Publication 

of  an  improved  edition  of  Wargentin's  Tables  of  Jupiter's 
Satellites. 

1 760.  Bird's  Standard  Scale. 

1 76 1.  Maskdyne  at  St.  Helena.     Transit  of  Venus. 

1762.  Researches  by  Euler  and  Clairaut  on  the  perturbations  of  comets. 

1763.  Publication  of  La  Caille's  Catalogue  of  Southern  Stars. 

1764.  Lalande  confirms  the  observations  of  Mayer  on  the  lunar  libration. 

Publication  of  La  Grange^e  prize  essay  on  the  same  subject, 
containing  the   first  application   of  the   principle   of  virtual 
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Telocitiet.  liamm  mod  Dixom  begin  the  miMBifiiifnri  of  •■  arc 
in  Pennsjlyania. 

1765.  Hmrriflon  obuim,  after  manj  Texadoos  ddaja,  the  reward  pro- 

mised bj  Parliament  for  the  inventioD  of  the  chroDometcr. 
J.  D.  Maraldi  difcoTera  the  Ubratory  motion  of  the  nodes  of 
Japiter's  second  satellite 

1766.  Publication  bj  La  Grange,  and  also  bj  BaiU^  of  a  theory  of 

Japiter*8  satellites. 

1767.  Commencement  of  the  Nauiieal  Almamac     Pabtication  of  Majer^s 

ITteoria  LuntK. 

1768.  Beeearia  measures  an   arc   of  the   meridian  in   Piedmont*  and 

Liesganig  in  Hungary. 

1769.  Transit  of  Venus,  which  is  very  successfully  obsenred. 

1770.  Publication  of  Mayer's  Solar  and  Lunar  Table&     Discoyery  of 

LexelFs  comet. 

177 1.  Further  researches  by  Bailly  on  Jupiter's  satellites. 

1772.  Publication  by  Bo(U  of  TiiiuM^s  law  of  planetary  distances. 

1773.  Researches  by  La  Orange  on  the  attraction  of  spheroids;  and  by 

Laplace  on  the  secular  inequalities  of  the  solar  systeuL 

1774.  Experiments  by  Maskelyne  on  the  Earth's  attraction,  on  Mount 

Schehallien. 

1780.  Publication  of  Mason^s  Lunar  Tables. 

1 78 1.  W.  Ilerschel  discovers  the  planet  Uranus.    Publication  of  Mesgier^s 

Catalogue  of  Nebulae.  (Conn,  des  Temps,  1784.)  Wargentin 
discovers  that  the  inclination  of  Jupiter's  4th  satellite  is 
variable. 

1782.  Laplace   calculates   the  elements   of  the   orbit   of  Uranus,   and 

investigates  the  attraction  of  spheroids. 

1783.  Publication  of  Nouet^s  Tables  of  Uranus,  and  Pingr^'s  Cometo- 

graphie. 

1784.  Researches  by  Laplace  on  the  stability  of  the  solar  system;  on 

the  relation  between  the  longitudes  of  Jupiter's  satellites  ;  and 
on  the  great  inequality  of  Jupiter  and  Saturn.  Ray  measures 
a  base  on  Hounslow  Heath  for  the  connexion  of  the  ob- 
servatories of  Qreenwich  and  Paris. 

1786.  Publication  of  Herschel's  first  catalogue  of  1000  nebul»  (in  FhiL 

Trans.)  La  Grange  gives  the  differential  equations  for  the 
variation  of  the  elliptic  elements. 

1787.  Laplace's  theory  of  Saturn's  ring,  and  explanation  of  the  accelera- 

tion of  the  Moon's  mean  motion.  Herschel  discovers  2  satellites 
of  Uranus.  Le  Gendre  and  Roy  complete  the  connexion  of 
the  observatories  of  Greenwich  and  Paris.     Commencement  of 
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the  Trigonometrical  Survey  of  England.  Herschel  commences 
observations  with  his  40-feet  reflector,  and  discovers  those 
satellites  of  Uranus  now  known  as  Oberon  and  Titania. 

1788.  Publication   of  La   Grange's    Mecanique    AncUytique,     Herschel 

suspects  that  the  motions  of  the  satellites  of  Uranus  are 
retrograde. 

1789.  Herschel  determines  the  rotation  of  Saturn,  discovers  the  satellites 

Mimas  and  Enceladus,  and  publishes  a  catalogue  of  a  second 
1000  nebulse  in  Phil.  Trans,  Publication  of  De1ambre*s 
Tables  of  Jupiter  and  Saturn. 

1790.  Herschel  determines  the  rotation  of  Saturn's  ring,  and  discovers 

2  new  satellites  of  Uranus.  Publication  of  Delambre's  Tables 
of  Uranus,  and  Maskelyne's  Catalogue  of  Stars.  BrvnJdey 
appointed  director  of  the  Dublin  Observatory. 

1792.  Commencement  of  the  Trigonometrical  Survey  of  France.    Publi- 

cation of  ^a^2or'«. Logarithms,  Lalande's  Improved  Planetary 
Tables,  De  ZacKe  first  Solar  Tables,  and  his  Catalogue  of 
Stars. 

1793.  Laplace's  researches  on  the  satellites  of  Jupiter  and  the  figure  of 

the  Earth.     Schroter  determines  the  rotation  of  Venus. 

1795.  .Herschel's  observations  on  variable  stars,  and  the  dismemberment 

of  the  Milky  Way. 

1796.  Foundation  of  the  French  Institute  of  Science.     Herschel  suspects 

that  the  rotations  of  the  satellites  of  Jupiter  are  of  the  same 
duration  as  their  orbital  revolutions.  Oriani  investigates  the 
perturbations  of  Mercury. 

1797.  Delambre's  observations  on  refraction.     Laplace's  theory  of  tides. 

Gibers  publishes  his  method  for  determining  the  parabolic 
elements  of  a  comet's  orbit,  since  generally  adopted  by  German 
astronomers. 

1798.  Cavendish  demonstrates  and  measures  the  mutual  attraction  of 

metal  balls.  Herschel  announces  definitely  that  the  satellites 
of  Uranus  move  in  a  retrograde  direction. 

1799.  Conmiencement  of  Laplace's  M^camque  Celeste,     Occurrence  of  a 

transit  of  Mercury.     Kramp^s  researches  on  refraction. 

The  following  is  a  list  of  the  chief  astronomers  of  note  during 
the  present  century : — 


M^bain     . . 

1804 

Messier 

1817 

Lalande,  J. 

..      1807 

Burckhardt 

— 

Cavendish  .. 

1810 

Mudge 

..      1841 

Mankelyne.. 

1811 

Herschel,  W. 

..      183a 

LikOnuige.. 

..      1813 

Delambre  . . 

— 
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Hntton 1835  BogusUwiki 

Bode  1826  Colby 

Fraunhofar  ..  —  Arago 

Piasd  —  Uodenau    .. 

LapUoe      ..  ••  1827  Petersen 

Wolkston,  W 1828  MauvMB     .. 

Yoang        ..  ..  1829  Gauaa 

Fallows 1831  Sheepshanks 

Pons  ..         ••         ..  —  CoUa 

Oriani         1832*  "B^ptBt 

DeZach —  Bond,  W.  C. 

Oroombridge         . .         ..  —  Wichmann 

LeOendre..         ..         •.  1835  Johnson 

Harding     ..         ..  1834  Humboldt.. 

Troughton 1835  Sonntag 

Kater  —  Daussy 

Brinkley —  Biot 

Pond  ..  1836  Pape 

Gambart 1836  Jacob 

Moll  1837  Cariini 

Bigaud       1839  Mitchell,  O.  M. 

Olbers        ..         ..  1840  Bttmker,  K.  C. 

Poisson  —  Capocci 

Bouvard —  Mosotti 

Littrow  ..         ..  — >  Tretenero   .. 

Cacoiatore  . .  ..  1841  Liebmann    .. 

Henderson..  ..  1 844  Weisse 

Baily  . .  . .  —  Plana 

Bessel  ..         ...  ..  1846  Struve,  W. 

Damoiseau  . .  . .  —  Bond,  G.  P. 

Di  Vico  ..  ..  1848  GillisB 

Taylor         . .  . .  —  Smyth 

Schumacher  ..  1850  Encke 


[BooKVin. 


1850 
1858 

1853 
1854 


1855 

1857 
1858 

1859 


I86I 
1862 


1863 


1864 
1865 


1798 — 1804.  Uuniboldt  travels  in  America,  and  makes  numerous  ob- 
servations. 

1800.  WoUastorCa  Circumpolar  Catalogue.     Bode's  Maps  and  Catalogue. 

Mvdge  commences  his  great  arc  of  the  meridian,  extending 
from  the  Isle  of  Wight  to  Clifton  in  Yorkshire.  De  Zach 
starts  the  MonaUiche  Correspondenz,  which  goes  on  for  12 
years. 

1 80 1.  Lalande's  Catalogue     Piazzi  discovers  the  minor  planet  Ceres. 

Svanberg  begins  to  measure  an  arc  in  Lapland. 

1802.  Olbers  discovers  the  planet  Pallas.     Lambton  begins  the  measure- 

ment of  an  arc  in  India.  Publication  of  HerscbePs  3rd  Cata- 
logue of  Nebulse  in  FhiL  Trans, 

1803.  Publication  of  HerscbeFs  Discovery  of  Binary  Stars. 
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1804.  Ha/rding  discovers  the  planet  Juno.     Piozzi  publishes  the  proper 

motion  of  300  stars.     De  Zach's  Solar  Tables. 

1805.  Le  Grendre  enunciates  the  method  of  least  squares.     Commence- 

ment of  researches  in  Stellar  Parallax  by  several  observers. 

1806.  Mechain  and  Delambre  complete  the  French  Survey.     Publication 

of  Delambre's  Solar  Tables  and  Tables  of  Refraction ;  of  Burgas 
Lunar  Tables ;  of  Carlini's  Tables  of  Refraction  ;  of  Pond's 
Catalogue  of  North  Polar  Distances  (altitude  and  azimuth). 
Herschel  suspects  the  motion  of  the  whole  solar  system  towards 
the  constellation  Hercules.  Publication  of  De  Zach's  Tables  of 
Aberration  and  Nutation. 

1807.  Olbers  discovers  the  planet  Vesta.     Extension  of  the  French  arc 

into  Spain.  '  Publication  of  GotynolVa  Catalogue,  and  Piazzi's 
Catalogue  of  1 20  Stars. 

1808.  Researches  of  La  Grange  and  Laplace  on  the  Planetary  Theory. 

1809.  TroughtovkS    improvements   in   the    graduation    of    instruments. 

Ivori/a  Theorems  on  the  Figure  of  the  Earth.  Publication  of 
Grauss's  llieoria  MotHs. 

1 8 10.  Groombridge's  Refraction  Tables.     Carlini's  Solar  Tables.     Lin- 

denau^s  Tables  of  Venus.  Bessd  appointed  director  of  the 
Observatory  of  Kbnigsberg. 

181 1.  Lindenau's  Tables  of  Mars. 

181 2.  Erection  of  Trough  ton's  Mural  Circle  at  Greenwich.    Burckhardt'a 

Lunar  Tables. 

1 8 1 3.  Lindenau's  Tables  of  Mercury  ;  and  PoruTa  Catalogue  of  North 

Polar  Distances  (circle  obs.). 

1 8 14.  Publication  of  Piazzi's  Catalogue  of  7646  Stars.     Foundation  of 

the  Konigsberg  Observatory.  Commencement  of  the  ZeUaclvriJl 
fur  Aatronomie,  which  goes  on  till  18 18. 

1815.  Bessel's  researches  on  Precession. 

1 8 16.  Lindeuau   assigns  a   new   value    to    the    constant    of   nutation. 

Poisson's  researches  on  Planetary  Perturbations. 

1 8 17.  Delambre's  Tables  of  Jupiter's  Satellites.     Damoiaemia  researches 

on  Halley's  comet. 

1 8 18.  Publication  of  Bessel's  Fundamenta  Aatranomicg.     De  Zach  starts 

the  Correapondcmce  AatroTwmiqtief  which  goes  on  till  1825. 

1820.  Foundation    of    the    Royal   Astronomical    Society   of    London. 

Reichenbach^a  meridian  circle  erected  at  Konigsberg.  Publi- 
cation of  Brinkley's  Tables  of  Refraction.  Commencement  of 
the  Aatronomiache  NachriclUeny  which  valuable  periodical  is 
still  in  existence. 

1 82 1.  Foundation  of  the  Cape  of  Good  Hope  Observatory.     Publication 
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of  Bauvard's  TablcH  of  Jupiter,  Saturn,  and  Uranus.  The 
practice  of  taking  circle  observations  by  reflection  introduced 
at  the  Greenwich  Observatory.  Researches  of  Poisson  on  the 
IVecession  of  the  Equinoxes. 

1822.  Foundation  of  the  Paramatta  Observatory,  N.  S.W.     Publication 

of  Harding*8  Atlas  CcdeHis,  Argelander's  researches  on  the 
orbit  of  the  comet  of  181 1. 

1823.  Foundation  of  the  Cambridge  Observatory.     Researches  by  Ivory 

on  Refraction.  Encke  suspects  the  existence  of  a  resisting 
medium  in  space. 

1824.  Publication   of  J.    Ilerachel  and   SovifCs   Catalogue   of    Double 

Stars.  Encke  discusses  the  observation  of  the  transits  of  Venus 
in  1 76 1  and  1767  for  the  determination*  of  the  solar  parallax. 
Erection  of  the  Dorpat  Refractor. 

1825.  Commencement  of  the  Berlin  Zones.     Jones's  mural  circle  erected 

at  Greenwich. 

1826.  Researches  of  Bessel  on  the  oscillation  of  the  pendulum.     Dis- 

covery of  Bielas  comet. 

1827.  Publication  of  the   Royal   Astronomical   Society's   Catalogue  of 

Stars.  The  same  Society  commence  the  publication  of  their 
Monthly  Notices. 

1828.  Airy  discovers  a  long  inequality  in  the  motions  of  Venus  and  the 

Earth.  KcUer^s  vertical  collimator.  Publication  of  Damoiseau'fl 
Lunar  Tables. 

1829.  Publication  of  Pond's  Catalogue   of  720  Stars.      Researches   of 

Poisson  on  the  attraction  of  spheroids,  and  of  Pantecoulant  on 
the  orbit  of  Halley's  comet. 

1830.  Sir  J.  Herschers  measures  of  1236  double  stars.     Publication  of 

Bcssers  Tabidce  Begiotnontcmce, 

1 83 1.  Sir  J.  Herschers  micrometrical   measures  of  364   double   stars. 

Publication  of  Plana's  Tlieory  of  Uie  Moon^  vol.  i. 

1832.  Occurrence  of  a  transit  of  Mercury.     Sir  J.  Herschers  investiga- 

tion of  the  orbits  of  binary  stars.  Don  Joaquim  de  Ferrer 
determines  the  solar  parallax  from  a  discussion  of  the  obser- 
vation of  the  the  transit  of  Venus  in  1769.  Sir  J.  Herschers 
Catalogue  of  2017  Double  Stars. 

1833.  Publication   of  Sir  J.   HerscheFs   Catalogue   of  Nebulae   in    the 

Northern  Hemisphere.  Airy  obtains  an  important  correction 
in  the  value  of  Jupiter's  mass.  Publication  of  the  results  of 
Lieut.  Foster's  pendulum  experiments  for  determining  the 
ellipticity  of  the  Earth. 

1834.  Sir  J.  Herschel's  researches  on  the  satellites  of  Uranus.     Datces's 
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micrometrical  measures  of  1 2 1  double  stars.  Lubbock^s  theory 
of  the  Moon. 

1835.  Sir  T.  M,  Bris^ne^a  Catalogue  of  7385  Stars.     Encke  commences 

his  researches  on  Planetary  Perturbation.  Encke  obtains  a 
correction  of  the  value  of  the  solar  parallax  as  deduced  from 
the  transits  of  Venus  in  1761  and  1769.  Airy  determines  the 
time  of  the  rotation  of  Jupiter.  Sir  J.  Herschers  Catalogue  of 
286  Double  Stars.  JohnaorCa  Catalogue  of  606  Southern  Stars. 
Airy  appointed  Astronomer  Royal.  Researches  of  Roaemberger 
and  Lehmann  on  Halley's  comet. 

1836.  Publication  of  Bail/s  Life  of  Flcmiateed,     Publication  of  Damoi- 

seau's  Tables  of  Jupiter's  Satellites. 

1837.  LamwnVa  researches  on  the  satellites  of  Uranus.     Researches  by 

Pont^coulant  on  the  Lunar  Theory.  Henderaon  determines  the 
value  of  the  Moon's  equatorial  parallax.  Publication  of  W. 
^ixuye's  MenawrcB  Micrometricce  of  31 12  Stars.  Argelander's 
researches  on  the  motion  of  the  solar  system  in  space.  Hon. 
J.  WroUealei/a  Catalogue  of  1318  Stars.  Completion  of  the 
great  Indian  arc  of  the  meridian. 

1838.  Lubbock's  researches  on  the  Lunar  Theory,  Part  ii.     Bessel  de- 

termines the  parallax  of  61  Cygni.  Hcmaen^a  new  method  of 
investigating  the  Lunar  Theory.  Robinaon  determines  the  con- 
stant of  nutation.  Airy's  Catalogue  of  726  Stars.  Lamont 
determines  the  mass  of  Uranus.  Publication  of  La  Caille's 
Catalogue  of  9766  Southern  Stars  by  the  British  Associa- 
tion. 

1839.  Le  Verrier^a  researches  on  the  secular  variations  of  the  planets. 

Henderson  determines  the  parallax  of  a  Centauri.  Foundation 
of  the  Imperial  Observatory  at  Pulkova.  Johnson  appointed 
director  of  the  Radcliffe  Observatory,  Oxford.  AmicVa  double- 
image  micrometer. 

1840.  Foundation   of  the  Cambridge   (U.S.)   Observatory.      SantmVa 

Catalogue  of  1677  Stars.     Airy's  double-image  micrometer. 

184 1.  Erection  of  Repsold's  meridian  circle  at  Konigsberg.     Researches 

of  Hansen  on  the  Lunar  Theory. 

184a.  Foundation  of  the  National  Observatory,  Washington  (U.S.). 
C  A,  Petera  determines  the  constant  of  nutation  ;  BaUy  de- 
termines the  mean  density  of  the  Earth.  Pearson's  Catalogue 
of  520  Stars.     Greenwich  Catalogue  of  1439  Stars. 

1843.  Hansen's  new  method  of  investigating  the  effects  of  planetary 
perturbation,  whatever  be  the  eccentricity  or  inclination  of  the 
orbit.      Schwahe    detects    a    periodicity   in   the    solar  spots. 

3B  2 


740  The  Histoid  ofAstronoviiy.         [Book  VIII. 

W.  Struve  determines  the  constant  of  aberration.  Adams 
commences  his  investigation  on  the  orbit  of  Uranus  which 
ultimately  leads  to  the  discovery  of  Neptune. 

1844.  Sheepshanks  commences  his  researches  to  determine  the  length  of 

the  standard  yard,  which  he  continues  till  his  death  in  1855. 
Argelander  concludes  his  northern  hemisphere  zone  observa- 
tions.  Taylor's  Catalogue  of  11,015  Stars.  Transmission  of 
time  by  means  of  electric  signals  commenced  in  the  United 
States. 

1845.  Discovery  of  a  new  minor  planet.     In  subsequent  years  many 

others  are  detected.  Researches  of  Le  Verrier  on  the  theories 
of  Mercury  and  Uranus.  Publication  of  the  British  Association 
CaUdogue  of  %2*l*l  Stars,  and  Smyth's  Cycle  of  Celestial  Ob- 
jects. 

1846.  Weisae's  reduction  of  BesseVs  zone  stars  comprised  within  15°  on 

each  side  of  the  equator.  Airy's  measurement  of  the  arc  of 
parallel  comprised  between  Valencia  and  Greenwich.  Discovery 
of  the  planet  Neptune.  Publication  of  the  results  of  the  ob- 
servations of  the  planets  made  at  Greenwich  between  1750  and 
1850. 

1847.  Erection  of  the  altazimuth  at  Greenwich.    The  British  Association 

publish  the  Catalogue  of  47,390  stars  contained  in  Lalande's 
Histoire  Cele^tte.  Hansen  disooverH  2  long  inequalities  in  the 
Moon's  mean  motion.  Publication  of  Sir  J.  Herschel's  Besufts 
of  Astrariamical  Observations  nuide  ai  the  Cape  of  Gooii  Hope  in 
1833  and  following  years  ;  of  \V.  Struve's  Etudes  (TAstronomie 
Stellaire.  Researches  of  Galloway  on  the  motion  of  the  solar 
system.  Lassell  discovers  the  satellite  of  Neptune,  and  that 
satellite  of  Uranus  since  called  Ariel,  whilst  O.  Struve  discovers 
Umbriel. 

1848.  Researches  of  Challis  for  detennining  the  orbit  of  a  planet  or 

comet.  Jacob's  Poonah  Catalogue  of  Double  Stars.  Lassell  in 
England  and  W.  Bond  in  America  discover  independently  the 
8th  satellite  of  Saturn,  since  called  Hyperion.  Researches  of 
Wichmann  on  the  physical  li  brat  ion  of  the  Moon,  and  of 
C.  A.  Peters  on  stellar  parallax.  Greenwich  Catalogue  of  2156 
Stars. 

1849.  Shortrede's    logarithms.      Researches   of   Powell    on    irradiation. 

Main  confirms  the  opinion  of  Besael  as  to  the  strictly  elliptic 
form  of  Saturn. 

1850.  Publication  of  the  Earl  of  RosseJs  Observations  on  Nebulae.     Main's 

Catalogue  of  the  Proper  Motions  of  877  Stars. 
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1 85 1.  Kesearches  of  C  A.  Peters  on  the  variability  of  the  proper  motion 

of  Sinus.  Pendulum  experiments  of  FoucavU  for  demonstrating 
the  rotation  of  the  Earth.  Discovery  of  the  dusky  ring  of 
Saturn.  Erection  of  a  new  transit  circle  at  Greenwich.  Com- 
pletion of  the  Eusso-Scandinavian  arc  of  the  meridian.  Dr.  Gould 
starts  in  America  the  Astrononiical  Journal.  OeUzen  com- 
mences the  reduction  of  Argelander's  zones,  extending  from  45® 
to  80°  of  north  declination,  which  he  finishes  in  the  following 
year. 

1852.  Commencement,  of  zone  observations  at  the  Cambridge  (U.S.) 

Observatory.  Publication  of  W.  Struve's  Positiones  Medue, 
d^c,  containing  the  mean  positions  of  2874  stars,  whereof  2682 
are  double.  Researches  of  Villarceau  on  the  orbits  of  double 
stars.  RiimJcer^a  Catalogue  of  12,000  Stars.  Researches  of 
Secchi  on  the  Earth's  temperature.  Observations  with  the 
reflex  zenith -tube  commenced  at  Greenwich.  Argelander's  zone 
observations  from  15°  to  31°  of  south  declination.  Publication 
of  Cooper's  Cometic  Orbits. 

1853.  Researches  of  Airy  on  ancient  eclipses ;  of  Adams  on  the  secular 

inequality  in  the  Moon's  mean  motion  ;  of  Hansen  on  the 
theory  of  the  pendulum.  Publication  of  the  American  Lunar 
Tables.  Encke  gives  a  new  solution  to  the  problem  of  Planetary 
Perturbation.     Hansen's  Solar  Tables. 

1854.  The  chronographic  method  of  recording   transits  introduced  at 

Greenwich.  Researches  of  Lubbock  on  refraction.  Capt. 
Jacob's  Catalogue  of  1440  Stars.  Airy's  pendulum  experi- 
ments in  the  Harton  Colliery  for  determining  the  density  of 
the  Earth.  Determination  of  the  difference  of  the  longitude 
of  Greenwich  and  Paris  by  electric  signals. 

1855.  Greenwich  Catalogue  of  1576  Stars.     Bond's  zone  observations  of 

5500  flmall  stars  near  the  equator.  Researches  of  Main  on  the 
value  of  the  constants  of  aberration  and  nutation,  and  on  the 
rings  of  Saturn.  Commencement  of  the  publication  of  the 
Annales  of  the  Paris  Observatory,  of  the  American  Nautical 
Almanac,  and  of  Brunnotv's  Tables  of  Flora. 

1856.  Researches  of  Challis  on  the  problem  of  the  3  bodies  ;  of  Main  on 

the  diameter  of  the  planets.  Astronomical  expedition  to  Tene- 
riffe  under  C.  P.  Smyth. 

1857.  Researches  of  Airy  on  ancient  eclipses.    Publication  of  Carrington^s 

Redhill  Catalogue  of  Circumpolar  Stars ;  of  Hansen's  Lunar 
Tablea     De  La  Rue,  Secchi,  Bond,  and  others,  obtain  photo- 
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graphs  of  celestial  objcets.  Iloek^a  investigation  of  the  identity 
of  the  comets  of  976  and  1556. 

1858.  Dc  La  Rue  obtains  a  stereoscopic  photograph  of  the  Moon.     Pub- 

lication of  Le  Verrier's  Solar  Tables.  Erection  of  a  photohelio- 
graph  at  the  Kew  Observatory.  Occurrence  of  an  annular 
eclipse  which  excited  much  interest  in  England.  Completion 
of  the  calculations  for  jdetermining  the  principal  triangles  of  the 
Trigonometrical  Survey  of  the  British  Isles,  and  deduction  of 
final  results  relating  to  the  figure,  dimensions,  and  density  of 
the  Earth. 

1859.  Publication  of  Robinson's  Places  of  5345  Stars,  observed  at  Ar- 

magh ;  of  section  i.  of  Argelandcr*s  *'  Zones,'*  containing  1 10,982 
stars.  Suspected  discovery  of  a  new  planet  revolving  within 
the  orbit  of  Mercury,  and  since  named  Vulcan.  Numerous 
spots  visible  on  the  Sun  during  the  summer  months.  Com- 
pletion of  the  Berlin  Star  Charts  conmienced  in  1830.  Re- 
searches by  Airy  on  the  motion  of  the  solar  system. 
i860.  Erection  of  a  fine  achromatic  refractor  at  the  Greenwich  Ob- 
servatory. Occurrence  of  a  total  eclipse  of  the  Sun  visible  in 
S[>ain,  to  observe  which  a  large  party  of  astronomers  sail  from 
England  in  the  "  Himalaya,*'  besides  other  parties  from  France, 
&c.     Publication  of  Johnson's  Radeliffe  Catalogue. 

1 86 1.  Discovery  of  many  new  planets.    Apparition  of  2  comets  visible  to 

the  naked  eye,  of  which  the  2ud,  which  ap[)eared  in  Juno,  ha*! 
the  longest  tail  on  record — Io5^  Publication  of  section  ii.  of 
Argelander's  **  Zones,"  containing  105,075  stars. 

1862.  Lunar  computations  for  the  Nautical  Almanac,  conducto*!   with 

Hansen's  Tables.  Publication  of  section  iii.  of  Argelander's 
"  Zones,"  containing  108,129  stars  :  of  Notes  on  989  Nebula?, 
by  the  Earl  of  Rosse  ;  and  of  0.  P.  Btmil's  magnificent  mono- 
graph on  Donati's  comet  of  1858. 

1863.  Announcement  by  several  computers  that  the  receive<l  value  of 

the  solar  parallax  is  too  small  by  about  ^i^".  Researches  by 
Airy  and  Dutikin  on  the  motion  of  the  solar  system.  Com- 
mencement of  the  Astronomical  Retjisler — the  first  English 
periodical  exclusively  devoted  to  astronomy.  Spectiiim  ob- 
servations of  celestial  objects  by  Huggins  and  Miller.  Publica- 
tion of  Carrington's  observations  on  Solar  Spots. 

1864.  Publication  of  Sir  J.  Herschel's  great  catalogue  of  5079  nebulas. 

Balloon  ascents  by  Glaisher. 

1865.  Important  spectrum  observations  by  Huggins,  Miller,  Secchi,  and 

others. 
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1866,  Apparition  of  a  very  striking  temporary  (or  variable  1)  star  in 

Corona  Borealis.  RecuiTcncc  of  a  maximum  in  the  November 
Periodic  Meteors,  which  resulted  in  a  display  of  remarkable 
beauty,  attracting  general  public  notice.  Publication  of  an 
important  catalogue  of  double  stars  by  Dawes. 

1867.  Publication  of  an  imiM)rtant  compiled  catalogue  of  Binary  Star- 

systems  by  Brothers.  [An  abstract  of  it  is  given  in  an 
Appendix  to  this  volume.] 
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CHAPTER    I. 

Clatsijirati<m  of  tkt  tnbjtct. — Afroliits. — Smmimary  of  the  frttarcket  'of  Bfrxtiiwt, 
JRammMtfrg,  ami  otAfr*. — Ctieiratf*!  Afroliif$. — Sumtmary  of /<uU. — Caialogme 
of  Metnrit  Stomet. — Arab's  Tahie  of  Apparitioms, — The  Afrolilt  of  1493. — Of 
1627. — Of  1795. — The  Mttenric  SAower  of  1805. 

THE    phenomena  of  which  I  am  now  about  to  speak   form 
a  highly  interesting"  and  by  no  means  unimportant  branch  of 
descriptive  astronomy.     I  shall  treat  of  them  under  3  heads  : — 

1.  Aerolites. 

2.  Fireballs. 

3.  Shooting  Stars. 

Of  all  cosmieal  meteors  those  known  as  aerolites,  meteorites, 
or  meteoric  stones,  are  the  rarest,  but  nevertheless  they  are  not  so 
rare  as  to  prevent  satisfactory  evidence  being  given  that  such  oc- 
currences have  happened  from  time  to  time.  It  is  to  Chaldni 
that  we  owe  much  of  our  knowledge  on  this  branch  of  the  subject. 
Many  of  these  meteoric  stones,  picked  up  in  different  parts  of 
the  world,  have  been  subjected  to  chemical  analysis  at  the  hands 
of  Berzelius,  Rammelsberg,  and  others,  whose  deductions  may 
be  thus  summed  up  : — 

I .  ^Meteoric  stones  are  composed  of  elements  all  of  which  occur 
in  terrestrial  minerals. 
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2.  Of  the  65  elementary  substances  known,  19  have  been  found 
in  meteoric  stones. 

3.  The  J)roduce  of  a  meteoric  shower  may  be  divided  into 
meteoric  iron  and  meteoric  stone. 

4.  Meteoric  iron  is  an  alloy  that  has  not  been  found  among 
terrestrial  minerals,  and  is  composed  of  about  10  per  cent,  of 
nickel,  with  small  quantities  of  cobalt,  manganese,  magnesia,  tin, 
copper,  and  carbon. 

5.  Meteoric  stone  is  composed  of  minerals  found  abundantly 
in  lavas  and  trap-rocks,  and  consequently  of  volcanic  origin ;  a 
variable  proportion  of  meteoric  iron  being  usually  admixed. 

The  circumstances  attending  the  fall  of  aerolites  differ  con- 
siderably on  different  occasions.  Not  unfrequently  the  fall  is 
attended  by  a  loud  detonation ;  but  we  must  not  therefore  infer 
that  every  detonating  meteor  is  indeed  an  aerolite  without  the 
presence  of  positive  proof  to  that  effect.  History  records  instances 
of  considerable  damage  having  been  done  to  life  and  property  by 
the  explosion  of  these  bodies :  as,  for  instance,  from  a  Chinese 
catalogue  we  learn  that  one  which  fell  on  Jan.  14,  616  B.C., 
broke  several  chariots  and  killed  10  men.  The  chronicle  of 
Frodoard  informs  us  that  in  the  year  944  a.d.  globes  of  fire 
traversed  the  atmosphere  and  burnt  several  houses.  More  re- 
cently, on  the  evening  of  Nov.  13,  1835,  a  brilliant  meteor  was 
seen  in  the  department  of  Aix  (France).  It  traversed  the  country 
in  a  north-easterly  direction,-  and  burst  near  the  castle  of  Lausieres, 
setting  fire  to  a  barn  and  the  stables,  burning  the  com  and  cattle 
in  a  few  minutes.  An  aerolite  was  found  near  the  place  after  the 
occurrence.  On  March  22,  1846,  at  3  p.m.,  a  luminous  sheaf, 
which  traversed  the  air  with  great  velocity  and  noise,  fell  on  a 
barn  in  a  village  in  the  department  of  Haute  Garonne,  which 
instantly  took  fire  and  was  destroyed,  together  with  the  stables 
adjoining  and  the  beasts  therein  contained*.  It  is  related  that 
the  Emperor  Jehangir  had  a  sword  forged  from  a  mass  of  meteoric 
iron  which  fell  at  Jahlindu,  in  the  Punjab,  in  1620**. 

■    See    Arago,    Ast.    Pop.,    vol.    iv.  meteor  catalogues   are  very  improperly 

pp.  224-9,  F»*ench  ed.,  where  numerous  left  out. 

other    instances    are    given.       In    the  *>    Phil.    Trans.,     vol.   xciii.     p.  aoo. 

English  edition  this  and  other  important  1 803. 
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FVom  the  above  and  other  simihir  obsenrations  we  Icam  3 
thin^. 

1 .  That  the  fact  is  undoubtedly  established,  that  from  time  to 
time  masses  of  stone,  of  different  sizes,  and  often  of  considerable 
weight,  arc  seen  passing  through  space,  and  are  frequently  pre- 
cipitated upon  the  Earth^s  surface. 

2.  That  these  bodies  rarely  strike  the  Earth  in  a  vertical 
or  nearly  vertical  direction,  but  fall  almost  always  in  a  direction 
very  oblique  to  the  plane  of  the  horizon.  This  is  ascertained 
by  an  inspection  of  the  manner  in  which  they  penetrate  the 
Earthy  which  they  often  do  to  a  considerable  depth. 

3.  That  they  are  endued  with  a  very  great  velocity,  similar 
in  fact  to  the  velocities  which  are  found  to  characterise  the 
planetary  members  of  the  solar  system. 

The  Ancients  seem  to  have  been  well  aware  of  the  phenomena 
of  which  I  am  now  treating,  inasmuch  as  several  things  are 
mentioned  by  the  classic  writers  as  having  fiillen  from  heaven  : 
for  instance,  the  Palladium  of  Troy,  the  image  of  Diana  at 
Ephesus,  and  the  sacred  shield  of  Numa.  The  ideas  of  the 
Ancients  relative  to  the  supposed  celestial  origin  of  these  things 
have  often  met  with  ridicule;  but  however  fabulous  the  eases 
referred  to  may  have  been,  still  the  Modems  have  been  compelled, 
though  reluctantly,  to  admit  the  fact  of  the  actual  transmission 
of  stony  substances  from  space  on  to  the  surface  of  tlie  Earth. 
The  following  catalogue  of  some  of  the  more  important  recorded 
falls  of  meteoric  stones  is  founded  on  one  given  in  M.  Izarn's 
work  c. 

Substance.  Period.  Place. 

Shower  of  stones About  650  B.  c.  Rome. 

Large  stone 4650,0 River  Nogos,  Tliracc. 

Three  large  stones         452 In  Tlirace. 

Shower  of  stones 343 Rome. 

Shower  of  iron        54     Lucania. 

Shower  of  mercury        Date  unknown  In  Italy. 

Mass  of  iron  of  14  quintals  ....  „  Abakauk,  Siberia. 

Large  stone  of  260  lbs 149a  Nov.  7    ..  Ensisheim,  Upper  Rhine. 

0  Dee  Pierres  TomhSea  da  Ciel,  ou  Litholofjie  Astronomique.     Paris  1803. 
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Substance 
About  1 200  stones — i  of  1 20  lbs., 
another  of  60  lbs. 

Stone  of  59  lbs 

Sulphurous  rain     

Sulphurous  rain     

Shower  of  unknown  matter  . . 

Stone  of  72  lbs 

Shower  of  fire         

Shower  of  sand  for  15  hours 

Shower  of  sulphur         

Mass  of  stone        

Shower  of  stones 

Two  stones  weighing  20  lbs. 
Two  stones  of  200  and  300  lbs.   . . 

A  stone  of  7^  lbs 

A  stone 

A  stone 

Shower  of  stones 

Extensive  shower  of  stones  . . 

About  I  a  stones 

A  stone  of  56  lbs 

A  stone  of  10  lbs 

A  stone  of  20  lbs 

A  stone  of  about  20  lbs 

Shower  of  stones 

Mass  of  iron,  70  cubic  feet  . . 
Several  stones,  of  from  10  to  1 7  lbs. 

Shower  of  stones 

A  stone  of  1653  lbs 

A  stone  of  203  lbs 

A  large  stone         

Shower  of  stones 


} 


F^od. 


5»0 


627  Nov.  27 

646 

658 

695 

706  January 

717  Jan.  4 

719  April  6 

721  October 

750 

753  July  3 

753  September 

762 

768  Sept.  13 

768 

768 

789  July 

790  July  14 

794  July  16 

795  Dec.  13 

796  Feb.  19 
798  March  12 
798  March  17 
798  Dec.  19  .. 
800  April  5  . . 
803  April  76. . 
807  Dec.  I4  .. 
810  >.  .. 
821  June  15  .. 
843  Sept.  16  .. 
864  May  15  . . 


Place.         ^ 
Padua,  Italy. 

Mont  Vasier,  Provence. 

Copenhagen. 

Duchy  of  Mansfield. 

Ireland. 

Larissa,  Macedonia. 

Quesnoy. 

In  the  Atlantic. 

Brunswick. 

Niort,  Normandy. 

PUun,  Bohemia. 

Liponas,  in  Brest. 

Near  Verona. 

Jj\ic6f  Le  Maine. 

Aire,  Artois. 

Le  Cotentin. 

Barboutan,  near  Roquefort. 

Near  Agen. 

Sienna,  Tuscany. 

Wold  Cottage,  Yorkshire. 

In  Portugal. 

Sules,  near  ViUe  Franche. 

S&le,  dep.  of  Rhone. 

Benares. 

America. 

Near  L'Aigle,  Nonnandy. 

Weston,  Connecticut,  U.S. 

Santa  Rosa,  New  Grenada. 

Juv^nas,  Arddche. 

Kleinwenden,  Thuringia. 

France. 


According  to  Arago,  we  find  that  the  206  falls  of  aerolites, 
of  which  we  know  the  month  of  occurrence,  were  distributed  in 
the  following  manner  throughout  the  12  months  of  the  year : — 


January.. 
February  . . 
March 
April. . 
May  ..      .. 
June  .. 


14^ 
10 

20 
18 


99 


July     . . 

..      23  1 

August 

..      16 

September  .. 

..      17 

October 

..      18 

November  .. 

..     20 

December    .. 

..      13J 

Y 107 


From  an  inspection  of  the  above  table  it  appears  that  the 
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monthly  average  from  December  to  June  (16)  is  less  than  the 
monthly  average  from  July  to  November  (18),  and  that,  moreover, 
the  months  of  March,  May,  July,  and  Noveml)er  exhibit  maxi- 
mum numbers :  and  we  also  learn  this  general  fact — ^that  the 
Earth,  in  its  annual  course  round  the  Sun,  would  seem  to  en- 
counter a  greater  number  of  aerolites  in  passing  from  aphelion 
to  perihelion,  or  from  the  summer  to  the  winter  solstice,  than 
in  going  from  perihelion  to  aphelion,  or  from  the  ^dnter  to  the 
summer  solstice. 

Tlie  circumstances  connected  with  the  occurrence  which  stands 
8*^  in  the  catalogue  on  p.  746,  are  of  more  than  ordinary  interest, 
more  especially  from  its  having  been  long  considered  a  poetical 
romance  of  by-gone  ages.  The  following  narrative  was  drawn 
up  at  the  time  by  order  of  the  Emperor  Maximilian,  and 
deposited  with  the  stone  in  the  church  at  Ensisheim.  ''  In  the 
year  of  the  Lord  1492,  on  Wednesday,  which  was  Martinmas 
Eve,  November  7,  a  singular  miracle  occurred ;  for  between 
II  oMock  and  noon  there  was  a  loud  clap  of  thunder,  and  a 
prolonged  confused  noise,  which  was  heard  at  a  great  distance ; 
and  a  stone  fell  from  the  air,  in  the  jurisdiction  of  Ensisheim, 
which  weighed  260  pounds ;  and  the  confused  noise  was,  more- 
over, mucli  louder  than  here.  There  a  child  saw  it  strike  on  a 
field  in  the  upper  jurisdiction,  towards  the  Rhine  and  Jura, 
near  the  district  of  Giscano,  which  was  sown  with  wheat,  and 
it  did  no  harm,  except  that  it  made  a  hole  there ;  and  then 
they  conveyed  it  from  that  spot,  and  many  pieces  were  broken 
from  it,  which  tlie  landvogt  forbade.  They  therefore  caused 
it  to  be  i)laced  in  the  church,  with  the  intention  of  sus}>ending 
it  as  a  miracle ;  and  there  came  here  many  people  to  see  this 
stone.  So  there  were  remarkable  conversations  about  this  stone ; 
but  the  learned  said  they  knew  not  what  it  was ;  for  it  was 
beyond  the  ordinary  course  of  nature  that  such  a  large  stone 
should  smite  the  Earth,  from  the  height  of  the  air,  but  that 
it  was  really  a  miracle  of  God ;  for,  before  that  time,  never 
anything  was  heard  like  it,  nor  seen,  nor  described.  When  they 
found  that  stone,  it  had  entered  into  the  Earth  to  the  depth  of 
a  man's  stiiture^    which    everybcnly   explained   to  be  the  will   of 
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God  that  it  should  be  found;  and  the  noise  of  it  was  heard  at 
Lucerne,  at  Vitting,  and  in  many  other  places,  so  loud,  that  it 
was  believed  that  houses  had  been  overturned :  and  as  the 
King  Maximilian  was  here  the  Monday  after  S.  Catherine's  Day 
of  the  same  year,  his  Royal  Excellency  ordered  the  stone  which 
had  fallen  to  be  brought  to  the  castle;  and  after  having  con- 
versed a  long  time  about  it  with  the  noblemen,  he  said  that 
the  people  of  Ensisheim  should  take  it,  and  order  it  to  b'e  hung 
up  in  the  church,  and  not  to  allow  anybody  to  take  anything 
from  it.  His  Excellency,  however,  took  two  pieces  of  it,  of 
which  he  kept  one,  and  sent  the  other  to  Duke  Sigismund  of 
Austria;  and  they  spoke  a  great  deal  about  this  stone,  which 
they  suspended  in  the  choir,  where  it  still  is ;  and  a  great  many 
people  came  to  see  it/''  This  relic  remained  in  the  church  for 
3  centuries,  when  it  was  temporarily  removed  during  the  turmoil 
of  the  French  Revolution  to  Colmar,  but  it  has  since  been 
restored.  A  fragment  of  it  is  in  the  British  Museum,  and  there 
is  another  piece  at  the  Jardin  des  Plantes,  at  Paris. 

The  fall  of  the  aerolite  of  1627  (No.  10)  was  witnessed  by 
the  astronomer  Gassendi :  he  states  that  when  in  the  air  it  was 
apparently  surrounded  by  a  halo  of  prismatic  colours.  This  being 
the  only  aerolite  of  whose  fall  he  had  ever  heard,  he  supposed 
that  it  was  the  result  of  a  volcanic  eruption  in  some  one  of 
the  neighbouring  mountains. 

The  aerolite  of  Dec.  13,  1795  (No.  28),  is  interesting  from 
the  fact  of  its  being  one  of  the  few  instances  recorded  to  have 
taken  place  in  this  country.  A  loud  explosion,  followed  by  a 
hissing  noise,  was  heard  through  a  considerable  portion  of  the 
surrounding  district;  a  shock  was  also  noticed,  as  if  produced 
by  the  falling  to  the  Earth  of  some  heavy  body.  A  ploughman 
saw  the  stone  fall  to  the  ground  at  a  spot  not  far  distant  from 
where  he  then  was  standing ;  it  threw  up  mould  on  every  side, 
and,  after  passing  through  the  soil,  penetrated  several  inches 
deep  into  the  solid  chalk  rock.  It  fell  on  the  afternoon  of  a 
mild  but  hazy  day,  during  which  there  was  neither  thunder 
nor  lightning*. 

<*  Howard,  Phil.  Trans.,  vol.  xcii.  p.  174.      1802. 
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One  of  the  severest  falls  on  record  was  that  which  happened 
in  Normandy  on  April  26,  1803  (No.  34).  It  appears  that  at 
about  1  P.M.  a  very  brilliant  fire-ball  was  seen  traversing  the 
country  with  great  velocity;  and,  some  moments  afterwards,  a 
violent  explosion  was  heard,  which  was  prolonged  for  5"  or  6". 
The  noise  seemed  to  proceed  from  a  small  cloud,  which  remained 
motionless  all  the  time  but  at  a  great  elevation  in  the  atmosphere ; 
the  detonation  was  followed  by  the  fall  of  an  immense  number 
of  mineral  fragments,  nearly  3000  being  collected,  the  largest 
weighing  8-2 lbs,  according  to  Arago.  The  sky  was  serene,  and  the 
air  calm — an  atmospheric  condition  that  has  frequently  been  noticed 
at  the  descent  of  aerolites  ®. 


*  A  catalogue  of  173  aerolites  is  given  in  Anigo*s  Ast.  Pop.*  vol.  iv.  pp.  184-204, 
French  ed. 
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CHAPTER    II. 

The  origin  of  ASrolites. — The  Atmospheric  hypothesis. — The  Volcanic  hypothesis. — The 
Lunar  hypothesis.  —  The  Planetary  hypothesis. —  The  kist-named  probably  the 
correct  one,  —  PoissofCs  theory.  —  Fireballs.  —  Arago's  Table  of  Apparitions. — 
Summary  of  measurements. 

rilO  account  for  the  nature  and  origin  of  aerolites^  the  following 
-■-      hypotheses  have  been  propounded. 

First.  It  has  been  supposed  that  the  matter  composing  them 
has  been  drawn  up  from  the  surface  of  the  Earth  in  a  state  of 
infinitely  minute  subdivisions^  as  vapour  is  drawn  from  liquids; 
that,  being  collected  in  clouds  in  the  higher  regions  of  the  at- 
mosphere, it  is  there  agglomerated  and  consolidated  in  masses,  and 
falls  by  its  gravity  to  the  surface  of  the  Earth ;  being  occasionally 
drawn  from  the  vertical  direction  which  gravity  would  impart 
to  it,  by  the  eflfect  of  atmospheric  currents,  and  thus  occasionally 
striking  the  Earth  obliquely.  This  we  may  call  the  Atmospheric 
hypothesis. 

Secondly,  It  has  been  supposed  that  meteoric  stones  are  ejected 
from  volcanoes  with  sufficient  force  to  carry  them  to  great  eleva- 
tions in  the  atmosphere,  in  falling  from  which  they  acquire  the 
velocity  and  force  with  which  they  strike  the  Earth.  The  oblique 
direction  with  which  they  strike  the  ground  is  explained  by  the 
supposition  that  they  may  be  projected  from  the  volcanoes  at 
corresponding  obliquities,  and  that,  by  the  principles  of  projectiles, 
they  must  stiike  the  Earth  at  nearly  the  same  inclination  as  that 
with  which  they  have  been  ejected.  This  we  may  call  the  Volcanic 
hypothesis. 

Thirdly.  It  has  been  suggested  that  the  aerolites  may  be  bodies 
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passes  through  the  point  of  intersection  of  its  path  with  their 
orbits,  they  either  encounter  it  directly,  and  fall  upon  its  surface, 
or,  entering'  its  atmospliere,  arc  rapidly  retarded  by  the  resistance 
of  that  fluid,  and  are  then  drawn  to  the  surface  by  the  terrestrial 
attraction.     This  may  be  termed  the  IHanetary  hypothesis. 

It  is  of  course  impossible  to  adduce  all  the  arguments  that  have 
been  brought  forward  in  support  of  and  in  opposition  to  the  above 
theories;  I  shall  therefore  pass  on,  merely  remarking  that  the 
4*^*  seems  fairly  to  represent  the  case,  and  is  the  explanation  very 
generally  adopted  by  men  of  science  at  the  present  day.  The 
periodicity  before  alluded  to  also  evidently  countenances  it.  Tlie 
luminous  appearance  which  attends  their  progress  has  been  ac- 
counted for  by  supposing  that  their  rapid  motion  so  condenses 
the  atmospheric  air  lying  in  their  path,  that  it  either  itself  becomes 
luminous,  or  acquires  so  intense  a  heat  as  to  render  the  stone 
incandescent.  This  surmise  is  supported  by  the  well-known  ex- 
periment of  the  fire-syringe.  M.  Poisson,  the  eminent  French 
geometer,  suggested  that  there  exists  above  the  atmosphere  a 
layer,  as  it  were,  of  electricity,  and  that  the  friction  caused  by 
the  passage  of  the  aerolite  is  such  as  to  decompose  the  electric 
fluid,  and  thus  produce  a  kind  of  spark,  such  as  occurs  in  the  case 
of  an  electric  machine  •.     This,  however,  seems  a  little  far-fetched. 

Fireballs  appear  to  hold  an  intermediate  position  between  aerolites 
and  shooting  stars  **.  They  appear  suddenly,  and  after  exhibiting 
a  brilliant  flame  of  light  for  a  few  seconds,  as  suddenly  vanish. 
Their  form  is  generally  circular,  or  slightly  oval,  and  of  a  per- 
ceptible magnitude.  Not  unfrequently  they  leave  behind  them  a 
train  of  sparks,  their  own  illuminating  power  being  somewhat  more 
feeble  than  that  of  the  Moon.  Sometimes  they  explode  into  frag- 
ments, which  continue  their  course,  or  are  precipitated,  as  we 
have  already  seen,  upon  the  surface  of  the  Earth  in  the  form  of 
aerolites. 

The  annexed  figure  represents  a  fine  fireball  seen  on  Nov.  12, 


•  Richtrches    but    la    Probahiliti    des  nature  both  from  fireballs  and  shooting 

JugemetUs,  p.  6.     Paris  1837.  stars.     This  hypothesis  has  not  met  wi£ 

*>  In  the  opinion  of  Coulvier-Gravier  general  acceptance, 
aerolites  are  essentially  different  in  their 

3c 


Jift-foric  Attrmtony. 


[Book  IX. 


1861,  ID  H«nfotd^d»,  br  tbr  Bev.  T.  W.  WcUt,  wboK  acoonnt 
•f  h  >c  as  follows : — 
-Aben  (*4f-  G  ILT. 


■ctrni  -kj.  lu  tma  wu  tlut  of  k  pan.  or.  mora  pnciiwl;.  u  iBT«Tt«l  ta 
•Bd  iu  nu  prolnUr  jo'  by  ij'  M  ini.  V  nnl  more:  bnl  ii  ^-nduallr  diminuliii 
)ij  lb;  lime  ii  had  atCMDHl  Ibe  midJlF  of  iu  FourM  noy  not  bkrv  ci< 
10'  l-T  10'.  It*  light  >»  m  bMutifnl  blue,  iwembling.  though  &r  nirpM.! 
Tirid  i'.tfu-iiy.  the  hue  n(  the  k-ieroid  Flom  w  ■*  ess  it  muiy  tm*  up).  • 
■ft»r  it*  di#r.very.  with  the  r-incb  object-^-tua  of  At  fn*^  telMcfw  no*  i 
Gr.enwich  Xavnl  School.  Ruddy  •'pvU.  of  ibe  roluui  of  ^-Uiwia-.-  coaU  •« 
behind  .t  iu  nmftUer  ei.d.  and  its  pmth  m.  nurked  by  »  lonj  [«le  (tre»k  of 
pennijiencj.  Iu  termiualioD.  nof.irtDiutely.  tw  ccnerkled  by  b>«igh>  of 
mmoiig  .bleb,  bo.evir,  it  nt  tneed  tiU  pnaildy  mum  IO  nbo^  (Iw  borim 
it  had  previooMly  aader^iie  a  ^nat  dinuDutioa. 
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"Its  general  course  was  inclined  15°  or  20°  to  the  right  of  a  vertical  circle,  but 
the  angle  progressively  decreased,  and  must  have  been  very  small  towards  the  last. 
When  iirst  seen,  it  musl^  have  been  near  the  body  of  Cygnus,  and  thence  it  followed, 
as  nearly  as  could  be  estimated  in  so  great  a  surprise  and  so  strong  a  moonlight, 
the  track  of  the  west  branch  of  the  Galaxy,  between  Altair  and  Ophiuchus.  The 
whole  duration  may  have  been  as  much  as  5  seconds.  Its  aspect  was  decidedly  that 
of  a  liquiBed  and  inflamed  mass,  and  the  immediate  impression  was  that  of  rapid 
descent ;  but  as  its  apparent  magnitude  diminished  so  much,  with  little  comparative 
change  of  form,  it  is  not  improbable  that  it  was  in  reality  moving  in  a  course  not 
greatly  inclined  to  the  surface  of  the  Earth  <:/' 


If  we  classify  the  apparition  of  all  the  fireballs  the  dates  of  which 
are  known^  we  find^  according  to  Arago^  that  their  number  amounts 
to  813,  distributed  as  follows : — 


January 

••     55 

February 

•      57 

March . . 

..     48 

April    .. 

••     5« 

May     . . 

•     50 

June    .. 

•     43 

305 


July 

August  . . 
September 
October . . 
November 
December 


74 
133 

64 

77 
90 
80 


508 


Thus  shewing  that  the  periodicity  which  prevails  with  the 
aerolites  also  obtains  with  the  fireballs,  only  in  a  much  more 
marked  manner. 

Of  the  above  813  fireballs  of  which  we  possess  any  recorded 
account^  35  only  gave  rise  to  aerolites  the  fall  of  which  was 
actually  witnessed.  Small  though  this  proportion  undoubtedly  is, 
yet  we  cannot  but  consider  these  2  classes  of  phenomena  to  be 
intimately  associated.  It  is,  however,  true,  that  cases  have  been 
known  in  which  aerolites  have  fallen,  which  were  not  preceded 
by  any  luminous  exhalation:  an  instance  occurred  on  Sept.  16, 
1 843,  at  the  fall  of  the  great  aerolite  of  Kleinwenden  <*. 

Many  fireballs  have  been  submitted  to  measurement  as  regards 
their  size  and  distance;  but,  owing  to  the  very  sudden  appear- 
ance, and  in  general  the  short  visibility  of  these  bodies,  it  seldom 
happens  that  the  observer  is  able  to  attain  to  any  great  precision. 
The  following  results  must  therefore  be  received  with  caution. 


''  Letter  in  the  London  Review,  Nov.  16,  1 861. 
^  Oompt.  Rend.,  vol.  xxv.  p.  627. 
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I .  As  to  the  height  at  the  instant  of  apparition. 


GnMtest  known. 

Miles. 

Least  known. 

MOe*. 

1844  October  27    .. 

3181 

1846  March  11 

75 

1718  March  19 

a9r5 

1852  April  3 

lo-o 

1842  June  3 

184-0 

1754  August  15 

15*0 

2.  As  to  absolute  diameter. 

Greatest  known. 

Pe«C. 

Least  known. 

FwL 

1841  August  18     .. 

15.795 

1852  April  2 

105 

1718  March  19 

8.399 

1846  July  33 

331 

1837  January  4     .. 

7.216 

1850  July  6 

705 

3.  As  to  velocity  per 

second. 

Grmtent  known. 

MOe*. 

Milea. 

1850  July  6 

4ra2 

1 718  March  19 

1-67 

.1844  Octol)er  27    .. 

44*74 

1807  December  14  .. 

3'8o 

1842  June  3 

44*74 

1676  March  31 

3'»i 

The  average  velocity  of  66  meteors,  calculated  by  A.  S.  Herschel, 
is  34*4  miles  per  second. 

It  is  desirable  to  remark  that  the  velocity  of  any  part  of  the 
terrestrial  equator  due  to  the  axial  rotation  of  the  Earth  is  1526  feet 
per  second,  and  that  the  Earth's  orbital  motion  is  i8-2  miles  |)er 
second.  We  see,  moreover,  that  the  velocity  of  many  of  these 
fireballs  is  greater  than  that  of  any  of  the  planets;  it  is  also 
wortliy  of  mention  that  the  general  direction  of  their  motion  is 
contrary  to  that  of  the  Earth®. 


*  A  catalogue  of  854  fireballs  is  given  in  Arago's  A«t.  Pop.,  vol.  iv.  pp.  230-279, 
Freiicli  Oil. 
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CHAPTER  III. 


Shooting  stars, — Have  only  recenUy  altnuitd  attention. — To  he  seen  in  greater  or  lest 
numbers  almost  every  night. — Tabular  summary  of  the  results  of  the  observations  of 
Coulvier-Oravier  and  Saigey,  and  Schmidt. — £arly  notices  of  Meteoric  Showers. — 
Shower  of  1799. — Showers  of  1831,  a,  and  3. — The  Meteors  of  1833  divided  into  3 

groups. — The  Shower  of  1866. — Table  of  apparitions. — Singular  result Olmsted^s 

theory. — Herschei*s  theory. — Radiant  points. 


O  HOOTING  stars^  althongh  noticed  in  former  times^  have  only 
^  within  the  last  half  century  attracted  any  particular  attention. 
This  branch  of  the  science  may  therefore  be  considered  to  be 
comparatively  in  its  infancy.  We  must  possess  a  long  and  care- 
fully made  series  of  observations  before  we  are  likely  to  be  ac- 
quainted^  with  any  degree  of  precision,  with  the  physical  nature 
of  these  objects.  They  were  formerly  considered  to  be  merely 
atmospheric  meteors,  caused  by  the  combustion  of  inflammable 
gases.  This  opinion  has,  however,  lost  much,  if  not  all,  of  its 
force,  and  they  are  now  recognised  as  bodies,  which,  although 
they  become  inflamed  on  coming  in  contact  with  the  Earth^s 
atmosphere,  yet  have  their  origin  far  beyond  it. 

It  is  now  an  established  fact  that  there  is  no  night  throughout 
the  year  on  which  shooting  stars  may  not  be  seen ;  and  that,  on 
an  average,  from  5  to  7  may  be  noticed  on  a  clear  night  every 
hour.  These  occasional  meteors  may  be  termed  sporadic,  in  con- 
tradistinction to  those  swarms  which  appear  at  certain  times  of 
the  year,  and  which  are  periodic.  There  is,  moreover,  an  horary 
variation  in  their  number,  and  the  maximum  occurs  at  6  a.m.,  the 
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I  now  come  to  speak  of  the  well-known  and  very  beautiful 
showers  of  shooting  stars  seen  at  certain  seasons  in  such  great 
abundance  <:.  One  of  the  earliest  notices  we  find  in  history  of 
this  phenomenon  is  by  Theophanes  the  Byzantine  historian^  who 
relates  that  in  November  474  a.d.  the  sky  at  Constantinople 
appeared  to  be  on  fire  with  flying  meteors.  Conde,  in  his  history 
of  the  dominion  of  the  Arabs^  speaking  of  the  year  90:^  a.d., 
states  that  in  the  month  of  October,  on  the  night  of  the  death 
of  King  Ibrahim-Ben- Ahmed,  an  immense  number  of  falling  stars 
were  seen  to  spread  themselves  over  the  face  of  the  sky  like  rain, 
and  that  the  year  in  question  was  thenceforth  called  the  "  Year  of 
Stars.''  In  some  Eastern  Annals  of  Cairo  it  is  related  that :  "  In 
this  year,  in  the  month  Redjeb  [August  1029]  many  stars  passed, 
with  a  great  noise,  and  brilliant  light ;''  and  in  another  passage  it 
says  :  ''  In  the  year  599,  on  Saturday  night,  in  the  ladt  Moharrun 
[Oct.  19,  12012],  the  stars  appeared  like  waves  upon  the  sky, 
towards  the  east  and  west;  they  flew  about  like  grasshoppers, 
and  were  dispersed  from  left  to  right ;  this  lasted  till  daybreak : 
the  people  were  alarmed.''  It  is  also  recorded  that  a  remarkable 
display  took  place  in  England  and  France  on  April  4,  1095.  The 
stars  seemed  ^'  falling  like  a  shower  of  rain  from  heaven  upon  the 
Earth,"  and  an  eyewitness,  having  noticed  where  an  aerolite  fell, 
'^  cast  water  upon  it,  which  was  raised  in  steam  with  a  great  noise 
of  boiling."  In  the  Chronicle  of  Bheims  we  read  that  the  stars 
in  heaven  were  driven  like  dust  before  the  wind,  and  Rastel  says 
that :  ^^  By  the  report  of  the  common  people  in  this  kynge's  time 
[William  II]  divers  great  wonders  were  sene:  and  therefore  the 
kynge  was  told  by  divers  of  his  familiars  that  God  was  not  content 
with  his  lyvyng;  but  he.  was  so  wilful  and  proud  of  mind,  that 
he  regarded  little,  their  saying." 

In  modem  times,  the  earliest  shower  of  falling  stars  of  which  we 
have  any  detailed  description  is  that  of  Nov.  13,  1799^  visible 
throughout  nearly  the  whole  of  North  and  South  America:  it 
was  seen  even  in  Greenland  by  the  Moravian  missionaries.  Hum- 
boldt, then  travelling    with   M.  Bonpland,  in  South   America, 

e  An  interesting  catalogue  by  Newton,  wiU  be  found  in  SiUiman'i  Jwumal,  toI. 
xxxvii.  p.  389,  vol.  xxxviii.  p.  53,  May  and  July,  1864. 
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says: — "Towards  the  morning  of  the  13***  we  witnessed  a  most 
extraordinary  scene  of  shooting  meteors.  Thousands  of  bodies  and 
falling  stars  succeeded  each  other  during  4  hours.  Their  direction 
was  very  regular  from  north  to  south.  From  the  banning  of 
the  phenomenon  there  was  not  a  space  in  the  firmament  equal 
in  extent  to  3  diameters  of  the  Moon^  which  was  not  filled  every 
instant  with  bodies  or  falling  stars.  All  the  meteors  left  luminous 
traces^  or  phosphorescent  bands  behind  them,  which  lasted  7  or 
8  seconds.^^  Mr.  Ellicott,  an  agent  of  the  United  States,  at  sea 
in  the  Gulf  of  Mexico,  thus  describes  the  scene : — "  I  was  called 
up  about  3  o^clock  in  the  morning,  to  see  the  shooting  stars,  as 
they  are  called.  Tlie  phenomenon  was  grand  and  awful.  The 
whole  heavens  appeared  as  if  illuminated  with  sky-rockets^  which 
disappeared  only  by  the  light  of  the  Sun  after  daybreak.  The 
meteors,  which  at  any  one  instant  of  time  appeared  as  numerous 
as  the  stars,  flew  in  all  possible  directions,  except  from  the  Earth, 
towards  which  they  were  all  inclined  more  or  less;  and  some 
of  them  descended  perpendicularly  over  the  vessel  we  were  in, 
so  that  I  was  in  constant  expectation  of  their  falling  on  us.''  The 
same  observer  also  states  that  his  thermometer  suddenly  fell  24% 
and  the  wind  changed  from  S.  to  N.W.,  whence  it  blew  with  great 
violence  for  3  days.  Meteoric  showers  were  also  witnessed  in 
North  America,  in  the  years  1814,  1818,  and  1819. 

Fine  meteoric  displays  took  plac»e  in  1831  and  1832,  in  both 
cases  on  Nov.  13.  Captain  Hammond,  of  the  ship  ''Restitution/' 
then  in  the  Red  Sea,  off  Mocha,  thus  describes  the  latter: — 
"  From  1  o'clock  a.m.  till  after  daylight,  there  was  a  very  unusual 
phenomenon  in  the  heavens.  It  appeared  like  meteors  bursting  in 
every  direction.  The  sky  at  the  time  was  clear,  the  stars  and 
Moon  bright,  with  streaks  of  light  and  thin  white  clouds  inter- 
spersed in  the  sky.  On  landing  in  the  morning,  I  inquired  of  the 
Arabs  if  they  had  noticed  the  above.  They  said  they  had  been 
observing  it  most  of  the  night.  I  asked  if  ever  the  like  had 
appeared  before.  The  oldest  of  them  replied  that  it  had  not." 
This  shower  was  seen  from  Arabia,  westwaixl  to  the  Atlantic, 
and  from  the  Mauritius  to  Switzerland. 

By  far  the  most  splendid  display  of  shooting  meteors  on  record 


Chap.  III.]  Shooting  Stars.  761 

was  that  of  Nov.  13,  1833,  and  one  which,  from  its  recurring  after 
so  exact  an  interval  of  time,  served  to  point  out  a  periodicity  in 
the  phenomenon.  It  seems  to  have  been  visible  over  nearly  the 
whole  of  the  northern  portion  of  the  American  continent,  or,  more 
exactly,  from  the  Canadian  lakes  nearly  to  the  equator.  Over  this 
immense  area  a  sight  of  the  most  imposing  grandeur  seems  to 
have  been  witnessed.  The  phenomenon  commenced  at  about 
midnight,  and  was  at  its  height  at  about  5  a.m.  Several  of 
the  meteors  were  of  peculiar  form  and  considerable  magnitude. 
One  was  especially  remarked  from  its  remaining  for  some  time 
in  the  zenith  over  the  Falls  of  Niagara,  emitting  radiant  streams 
of  light.  In  many  parts  of  the  country  the  population  were 
terror-stricken  by  the  beauty  and  magnificence  of  the  spectacle 
before  them.  A  planter  of  South  Carolina  thus  narrates  the  effect 
of  the  phenomenon  on  the  minds  of  the  ignorant  blacks : — "  I  was 
suddenly  awakened  by  the  most  distressing  cries  that  ever  fell  on 
my  ears.  Shrieks  of  horror  and  cries  for  mercy  I  coidd  hear  from 
most  of  the  negroes  of  the  3  plantations,  amounting  in  all  to  about 
600  or  800.  While  earnestly  listening  for  the  cause  I  heard 
a  faint  voice  near  the  door,  calling  my  name.  I  arose,  and,  taking 
my  sword,  stood  at  the  door.  At  this  moment  I  heard  the  same 
voice  still  beseeching  me  to  rise,  and  saying,  '  O  my  God,  the 
world  is  on  fire !'  I  then  opened  the  door,  and  it  is  difficult  to  say 
which  excited  me  the  most — the  awfulness  of  the  scene,  or  the 
distressed  cries  of  the  negroes.  Upwards  of  100  lay  prostrate 
on  the  ground — some  speechless,  and  some  with  the  bitterest 
cries,  but  with  their  hands  raised,  imploring  God  to  save  the 
world  and  them.  The  scene  was  truly  awful ;  for  never  did  rain 
fall  much  thicker  than  the  meteors  fell  towards  the  Earth ;  east, 
west,  north,  and  south,  it  was  the  same  ^," 

The  meteors  of  which  the  above  shower  was  composed  seem  to 
have  been  seen  of  3  different  kinds : — 

1.  Phosphoric  lines,  apparently  described  by  a  point.  These 
were  the  most  abundant ;  they  passed  along  the  sky  with  immense 
velocity,  as  numerous  as  the  flakes  of  a  sharp  snow-storm. 

2.  Large  fireballs,  which  darted  forth  at  intervals  across  the 

^  Quoted  in  Miluer's  GaUery  of  Naturtf  p.  140. 
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sky^  describing  large  arcs  in  a  few  seconds.  Luminous  trains 
marked  their  path^  which  remained  in  view  for  a  number  of 
minutes^  and  in  some  cases  for  half  an  hour  or  more.  The 
trains  were  commonly  white^  but  the  various  prismatic  colours 
occasionally  appeared,  vividly  and  beautifully  displayed.  Some 
of  these  firebalb  were  of  enormous  size;  indeed,  one  was  seen 
larger  than  the  Moon  when  full. 

3.  Luminosities  of  irregular  form,  which  remained  stationary 
for  a  considerable  time.  The  one  mentioned  above  as  having 
been  seen  at  the  Falls  of  Niagara  was  of  this  kind^. 

For  some  years  past,  the  month  of  November  has  been  dis- 
tinguished by  an  unusual  number  of  shooting  stars;  but  none 
of  the  showers  equalled  the  one  I  have  just  described,  though 
those  of  1865  and  1866  were  somewhat  striking,  the  latter 
especially. 

Many  circumstances  combined  to  make  the  display  of  1866  an 
unusually  interesting  one.  In  the  first  place  it  was  possible  to 
predict  its  occurrence  with  a  good  deal  of  certainty,  and  then 
again  the  rarity  of  the  phenomenon,  joined  with  the  increasing 
interest  felt  by  the  general  public  in  scientific  matters,  led  to 
the  exhibition  of  a  considerable  amount  of  (temparary)  astronomical 
enthusiasm.  For  many  days  previously  all  who  enjoyed  the  most 
moderate  astronomical  reputation  were  besieged  with  applications 
for  premonitory  information  on  the  part  of  their  less  learned  com- 
peers, and  in  England  at  any  rate  it  may  certainly  be  affirmed 
that  never  was  any  celestial  occurrence  so  widely  and  so  perse- 
veringly  watched.  All  classes  of  the  community,  from  Her  Majesty 
the  Queen  down  to  her  subjects  of  the  humblest  rank,  seem  to 
have  vied  with  each  other  in  striving  to  make  the  most  of  the 
occasion. 

I  examined  for  the  purposes  of  this  work  a  great  number  of 
accounts,  but  all  that  can  usefully  be  said  appears  to  be  contained 
in  the  following  letter,  penned  by  Mr.  Dawes,  who  observed 
the  meteors  in  Buckinghamshire: — 

"Between  midnight  on  the  13th  and  14!^  13™  lo'  (G.M.T.),  2800  meteon  were 
counted  by  myself  and  one  assistant  in  the  eastern  hemisphere.    Another  assistant 

•  Quoted  in  Miker's  GaUery  of  Nature,  p.  141  (abridged). 


Chap.  III.] 


Shooting  Stars. 


763 


looking  out  to  the  west  counted  nearly  400  in  an  hour,  but  became  bo  bewildered  by 
6  or  7  bursting  out  ahnost  simultaneously,  and  this  repeatedly,  that  the  attempt  to 
count  more  was  given  up.  I  have  no  doubt  from  what  I  saw  myself  in  the  western 
hemisphere,  there  must  have  been  at  least  700  visible  in  the  2^^  hours.  Adding  to 
these  75  which  were  seen  before  midnight,  and  we  have  upwards  of  3^00  in  all,  up  to 
about  a  quarter  past  2  in  the  morning. 

*'  Some  were  brighter  than  Veiius  ever  is ;  but  none  were  at  all  comparable  to 
several  which  appeared  in  1832,  Nov.  la,  of  which,  however,  I  have  never  met  with 
any  good  or  particular  account  '."^ 

Most  of  the  reports  of  experienced  observers  who  went  deeply 
into  the  subject  concur  in  placing  at  about  3000  or  4000  the 
total  number  that  were  visible;  though  it  should  be  stated  that 
the  staff  of  the  Greenwich  Observatory,  as  the  result  of  a  nicely 
pre-arranged  subdivision  of  work,  were  able  to  count  more  than 
8000.  My  own  observations  in  Kent  were  too  commonplace  to 
furnish  any  useful  materials  for  an  abstract  like  the  present. 

The  newspapers  devoted  much  of  their  space  to  the  subject, 
but  of  the  letters  by  non-astronomical  writers,  which  came  under 
my  notice,  published  or  in  MS.,  the  following  is  a  fair  type : — 

**From  11^  30™  till  2^  this  morning  we  were  much  interested  in  watching  the 
•hooting  stars ;  anything  so  beautiful  I  never  saw,  especially  about  i^,  when  they 
were  most  brilliant — ** 

and  sp  on  by  the  ream ! 

Subdividing  the  showers  of  shooting  stars  according  to  the 
months  of  the  year,  we  obtain  the  following  results : — 


Januaiy..      .. 

..      10" 

July 

..      14] 

February 

..      10 

August   .. 

..     56 

March 

..     la 

•55 

September 

•     13 

April 

..     17 

October  .. 

..     29 

liay 

•       4 

November      •• 

..     37 

June 

2  - 

December 

..     17J 

.166 


We  thus  find,  and  it  is  worthy  of  especial  remark,  that  the 
coincidence  I  have  already  adverted  to  in  the  case  of  aerolites, 
fireballs  and  sporadic  meteors  also  obtains  with  the  showers  of 
shooting  stars — ^namely,  that  the  Earth  encounters  a  larger 
number  of  these  bodies  in  passing  from  aphelion  to  perihelion, 
or  from  the  summer  to  the  winter  solstice,  than  in  passing  firom 


'  Aii.  Reg»t  vol.  iv.  p.  306.  Deo.  1866. 
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perihelion  to  aplielion^  or  from  the  winter  to  the  summer  solstice  if. 
In  the  opinion  of  Coulvier-Gravier  the  more  numerous  shooting 
stars  are^  the  more  rainy  it  is. 

Professor  Olmsted,  of  Yale  College,  U.  S.,  proposed  the  following 
theory  to  account  for  the  above  phenomena: — That  the  meteors 
of  Nov.  13,  1833,  emanated  from  a  nebulous  body,  which  was 
then  pursuing  its  course,  along  with  the  Earth,  around  the  Sun ; 
that  this  body  continues  to  revolve  around  the  Sun  in  an  elliptic 
orbit,  but  little  inclined  to  the  plane  of  the  ecliptic,  and  having 
its  aphelion  near  the  orbit  of  the  Earth ;  and,  finally,  that  this 
body  has  a  period  of  nearly  6  months,  and  that  its  perihelion  is  a 
little  within  the  orbit  of  Mercury**. 

The  following  summary,  useful  for  amateur  observers,  is  by 
Arago ' : — 

Janxiury,  It  would  seem  from  the  recorded  results  that  we 
may  look  for  a  period  of  shooting  stars  somewhere  about  Jan.  1-4. 

February,     Modem  observations  do  not  indicate   a  period  of 

• 

shooting  stars  for  February.  The  ancient  showers  of  meteors, 
announced  for  this  month  by  the  chroniclers,  seem  to  have 
failed  for  the  last  8  or  9  centuries. 

March,  Shooting  stars  have  been  perceived  from  time  to 
time  in  this  month. 

April,  Apparitions  of  shooting  stars  are  somewhat  more 
numerous  in  this  month  than  in  the  3  preceding.  We  may 
look  for  them  about  April  4-1 1,  and  17-25. 

May.     Shooting  stars  are  rare  in  May. 

Jtme,     Shooting  stars  are  very  rare  in  June. 

July,  The  apparitions  of  showers  begin  now  to  increase  in 
number.     We  may  expect  them  about  July  26-29. 

Augud,  Shooting  stars  are,  as  is  well  known,  seen  in  great 
abundance  in  this  month,  particularly  about  Aug.  9-1 1. 

September,     Shooting  stars   are  somewhat   rare   in   September. 

«  A  catalogue  of  221  meteoric  showers  »»  See  Olm8te<l'8  theory,  given  in  full 

is  given  in  Arago's  Ast,  Pop.,  vol.  iv.  iiih\» Mtchanism of  thtlimvena,^^.  12^. 

pp.  292-314.      Also    a    catalogue,  ex-  341,  Edin.  ed. 

tending  from  538-1223  A.D.,  by  Chasles,  »  Quetelet  (Phyeique  du  Globe)  names 

m   Compt.   Rend.,    vol.   i.   pp.  499-509.  Jan.  2  and  Dec.  7  as  epochs  of  prolific 

^84^-  displays  ;  and  see  ante,  p.  714. 
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We  may,  however,  mention  Sept.  i  +  and  Sept.  1 8-25  as  possible 
periods. 

October,  Shooting  stars  occur  about  the  middle  of  the 
month. 

November,  Shooting  stars,  in  past  years,  have  appeared  in 
remarkable  numbers  about  Nov.  11-13;  but  they  are  now  less 
abundant  than  formerly. 

December,  Showers  of  shooting  stars  may  be  looked  for  about 
Dec.  5-15. 

With  reference  to  the  periodicity.  Sir  J.  Herschel  says  : — 

"  It  is  impossible  to  attribute  such  a  recurrence  of  identical  dates 
of  very  remarkable  phenomena  to  accident.  Annual  periodicity,  irre- 
spective of  geographical  position,  refers  us  at  once  to  the  place 
occupied  by  the  Earth  in  its  annual  orbit,  and  leads  directly  to 
the  conclusion  that  at  that  place  it  incurs  a  liability  to  frequent 
encounters  or  concurrences  with  a  stream  of  meteors  in  their 
progress  of  circulation  around  the  Sun.  Let  us  test  this  idea, 
by  pursuing  it  into  some  of  its  consequences.  In  the  first  place, 
then,  supposing  the  Earth  to  plunge  in  its  yearly  circuit  into  a 
uniform  ring  of  innumerable  small  meteoric  planets,  of  such 
breadth  as  would  be  traversed  by  it  in  one  or  two  days;  since, 
during  this  small  time,  the  motions,  whether  of  the  Earth  or  of 
each  individual  meteor,  may  be  taken  as  uniform  and  rectilinear, 
and  those  of  all  the  latter  (at  the  place  and  time)  parallel,  or 
very  nearly  so,  it  will  follow  that  the  relative  motion  of  the 
meteors,  referred  to  the  Earth  as  at  rest,  will  be  also  uniform, 
rectilinear,  and  parallel.  Viewed,  therefore,  from  the  centre  of 
the  Earth  (or  from  any  point  of  the  circumference,  if  we  neglect 
the  diurnal  velocity,  as  very  small  compared  with  the  annual), 
they  will  all  appear  to  diverge  from  a  common  point,  fixed  in 
relation  to  the  celestiul  sphere,  as  if  emanating  from  a  sidereal  apex. 

"Now  this  is  precisely  what  happens.  The  meteors  of  the 
1 2th-i4th  of  Nov.,  or  at  least  the  vast  majority  of  them,  describe 
apparently  arcs  of  great  circles,  passing  through  or  near  y  Leonis. 
No  matter  what  the  situation  of  that  star,  with  respect  to  the 
horizon  or  to  its  east  and  west  points,  may  be  at  the  time  of  ob- 
servation, the  paths  of  the  meteors  all  appear  to  diverge  from  that 
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star.  On  the  9th-ittli  of  Aognet,  the  geometrical  fact  is  the 
same,  the  apex  only  differing ;  B  Camelopardi  being  for  that  epoch 
the  point  of  direi^ace.  As  we  need  not  suppose  the  meteoric 
ring  coincident  in  its  plane  with  the  ecliptic,  and  as  for  a  rinf 
of  meteors  we  may  substitute  an  elliptic  annulns  of  any  reason- 
able eccentricity,  bo  that  both  the  velocity  and  direction  of  each 
meteor  may  differ  to  any  extent  from  the  Earth's,  there  is  nothing 
in  the  great  and  obvious  difference  in  latitude  of  these  apices  at 
all  militating  against  the  conclosion. 

Fig.  113. 


Radiant  Point  or  Mkteobs  on  Nov.  i3,  1S64. 


"  If  the  nteteors  be  uniformly  distributed  in  such  a  ring  or 
elliptic  annuIuB,  the  Earth's  encounter  with  them  in  every  revo- 
lution will  be  certain,  if  it  occur  once.  But  if  the  ring  be  broken 
— if  it  l>e  a  succession  of  groups  revolving  in  an  ellipse  in  a  period 
nol  identical  with  that  of  the  Earth,  years  may  pass  without  a 
rencontre ;  and  when  such  happen,  they  may  differ  to  any  extent 
in  their  intensity  of  character,  according  as  richer  or  poorer  groups 
have  been  encountered. 

"  No  other  plausible  explanation  of  these  highly  characteristic 
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features  (the  annual  periodicity  and  divergence  from  a  common 
apex,  altoayt  alike  for  each  retpective  epoch)  has  been  ever  at- 
tempted, and,  accordingly^  the  opinion  is  generally  gaining  ground 
among  astronomers,  that  shooting  stars  belong  to  their  department 
of  science,  and  great  interest  is  excited  in  their  observation,  and 
the  further  development  of  their  laws*." 

There  seems  some  reason  for  believing  that  the  number  of 
shooting  stars  visible  both  in  August  and  November  is  subject 
to  a  periodical  variation,  the  duratioo  of  which  is  at  present  un- 


Radiant  Point  or  Mitiors  oh  Oct.  lo,  1865. 

known.  It  may  be  added  that  a  French  physicist  considers 
himself  warranted  in  asserting  from  some  inquiries  he  has  con- 
ducted, that  the  prevalence  of  shooting  stars  coincides  with  and 
causes  an  increase  in  the  temperature  of  the  weather. 

Of  late  years  much  attention  has  been  devoted  to  the  subject 

of  luminous   meteors.     The   British  Association  has  a  standing 

committee  appointed  to  collect  and  record  observations,  and  the 

systematised  working  of  that  committee  and  of  the  observers  who 

'  OiKliiwi  »/Att.,  p.  661. 
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co-operate  with  it^  is  bearing  valuable  fruits.  Amongst  those 
who  have  exerted  themselves  to  develope  this  branch  of  astronomy 
must  be  mentioned  the  names  of  Glaisher^  C^reg,  A.  S.  Herschel, 
and  Heis. 

Tlie  chief  discovery  that  has  been  positively  made  is^  that 
luminous  meteors  are  much  more  regular  in  their  movements 
than  was  formerly  supposed.  The  known  ^^ radiant  points''  are 
no  longer  confined  to  the  constellations  Leo  and  Camelopardus, 
as  they  were  when  Sir  J.  Herschel  wrote  the  passage  I  have 
quoted  on  a  previous  page,  but  have  been  found  to  exist  in  many 
other  quarters  of  the  heavens.  Up  to  the  present  time  nearly 
60  such  points  have  been  determined  on,  and  the  number  is 
growing  as  time  progresses  and  observers  multiply. 

Figs.  223  and  224  represent  the  paths  of  certain  meteors  observed 
at  the  specified  dates.  Projected,  after  the  manner  of  a  surveyor's 
])lan,  to  form  a  meteor  chart,  the  fact  that  the  meteors  really  are 
thrown  off  from  some  determinate  centres  becomes  strikingly 
apparent.  It  is  unfortunate  for  the  sake  of  Science  that  the 
suddenness  with  which  all  these  objects  appear  and  the  shortness 
of  their  duration  usually  take  observers  aback,  and  impair  the 
certaiuty  of  their  mental  impressions. 
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I.     K)R  CONVERTING  INTERVALS  OF  MEAN  SOLAB  TIME 


„„.„. 

»„™. 

««.««. 

il 

lildoHj  Tlma. 

il 

inRktond 

I 

-ite* 

il 

Rquin- 

Ji   n     t. 

"m,  ,     ~  ~ 

i^  ,. 

^ 

^ 

1  o    9-8S6S 

' 

■  0-1643 

3.     3'  S-09'S 

1 

I-O017 

31 

31-0849  ! 

1  o  197.30 

1 

1  0-3586 

31    31  5-i.'>''>8 

1 

1-0O55 

31 

31-0876 1 

3  0  "95694 

3 

3  0'49>B 

33  I33  J-4H1 

3 

3-0081 

33 

33-0904 

4  0  39'-tJ59 

4 

4  0-6571 

34    34  5-58S3 

4 

4-0110 

34 

34-0931 ' 

S  0  49-1814 

i 

3S    35  J-74i* 

S 

SO  137 

35 

35-0958 1 

6  0  59-.3H8 

6 

6  0-9857 

30  136  S'9139 

6 

6-0164 

36 

3fro986 

7  1     8-99S3 

7 

7  'Mgg 

37     37  6-0783 

7 

70191 

37 

37-1013 

8  I   iS'Ksig 

8 

8  1-314' 

38  138  61414 

8 

8-0119 

38 

38-1040 

9  I  »87oSj 

9 

9  1-4785 

39    39  6-4067 

9 

9-0146 

39 

39-.06B 

10  .  38S647 

10 1-64.8 

40    40  657.0 

■0 

10-0174 

40 

40-109! 

..  .  4B411, 

II 1-8070 

4'   1  41  6-7353 

11 

11-0301 

4» 

411113 

!1     1    58-3777 

I.  1-97U 

41     41  6  899s 

" 

.10319 

4' 

41-1150 

13  1    8- 1.141 

'3 

13  *I3S6 

43    4.1  r'>63B 

■.. 

13-0356 

43 

43"77 

14  »  i799<^ 

'4 

14  1-J998 

44    44  7-liSl 

140383 

44 

44-..05 

IS  »  ijS-171 

15 

...  .464, 

45  j4S  7-39»4 

IS 

■  5-0411 

45 

45- "31 

Id  1  377036 

16 

16  36184 

46  1  46  7-5566 

16 

160438 

46 

46-1359 

17  I  47-sGoo 

17 

■7  ngi-i 

47  '47  7-7109 

t? 

.70465 

47 

47-..«I  1 

18  1  f;'4.65 

18 

18  19569 

48  48  rf-ssi 

iS 

18-0493 

48 

481314 

19  3     7*i'73o 

'9 

19  3iaiJ 

49  49  8-0495 

'9 

19-0510 

49 

49-'34'  ; 

so  3  17-1J95 
a.  3  16-9869 

10 

JO  ,vi8ss 
11  3-4498 

50  JO  8-JI3; 

51  1  SI  8-3;Bo 

lO 

10-0548 
110575 

50 
51 

50-1369  1 
5>'39«  , 

"  .1  368414 

31 

11  3-6.40 

5»  ;5'  8-5413 

11 

i)-o6o] 

5' 

51-14)4 

».l  3  4<''-69«9 

n 

'3  3- 7  783 

63     53  8-7066 

'3 

13-0630 

53 

53- '451 

'4 

"4  3  Sfi-iSS* 

14 

14  3-94"6 

54  1  54  88708 

'4 

34-0657 

54 

54-1479 

"5 
]6 

»S  4-iof'9 
i6  4ljl> 

55     SS  9-0JSI 

16 

35-0685 
36-07.3 

55 

S6 

55- '506 
56-1533 

S6 

56  91994 

^7 

»7  4'43S4 

57 

57  9-3637 

»7 

370739 

57 

57-156. 

13 

18  45997 

J8 

58  9-5179 

18 

38-0767 

S8 

58-15SS 

'9 

»9  4-7640 

59 

59  9-691* 

jg 

19-0794 

59 

59-16.5 

30 

30  4-918, 

6a 

60  9-H5fi5 

30 

30-oH)i 

60 

60-1643 
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INTO  EQUIVALENT  INTEHVALS  OP  SIDEREAL  TIME. 


FB 

*a 

OP.«K 

*ND. 

^i 

B,>J«- 

1"^ 

Equl™- 

Equl™- 

iP 

Unbtn 

■3^ 

u 

la 

3ld««l 

u_ 

eidwud 

•n™. 

H 

■nm* 

s 

t 

T 

t 

I 

o-oi 

ootooj 

0-34 

0-34093 

0-67 

0-67183 

5 

o-oi 

0-O.0O6 

0-35 

0-35096 

0-68 

o'6StS6 

1 

1 

O-03 

0-03008 

0-36 

0-36099 

0-69 

0-69.89 

I 

0-04 

00401 1 

0-37 

0-37:01 

0-70 

0-70191 

1 

o'«5 

o'oso.4 

038 

0-38104 

0-71 

07  "94 

1 

1 

J 

,^^||l 

^ 

0-06 

0-06016 

0-39 

0-39107 

0-71 

0-71197 

3 

S 

- 

.3 

B  t^o  » 

0 

0-07019 

040 

0-401 10 

0-73 

0-73200 

0-08 

O'OScil 

0-41 

0-4IT.J 

0-74 

o-74aoj 

1 

1 

^ 

■^S"" 

^ 

O-OQ 

009015 

0-42 

0-421  fj 

0-75 

0-75105 

3 

s 

il 

-    « 

o-io 

o-ieoJ7 

0-43 

o-43"8 

0-76 

0-76108 

5 

1 

i 

'  1 

!■!! 

0-1 1030 

0-11033 

044 

0-4E 

0-44110 
04s  "3 

0-77 
0-7S 

0-77111 
0-781.4 

i 

1 

i  Jt 

1 

0. 

013 

0-13036 

0-46 

0-46116 

0-79 

0-79116 

s 

EC 

1 

■g   Si 

0.4 

0-.40J8 
0-15041 

0-47 
0-48 

0-47119 
0-48131 

o-So 
0-8I 

0-80119 

0-81J22 

3 

i 

1 

■a 
§ 

1   -h 

1 

016 
017 

0-16044 
0-.7O47 

0-49 
o-so 

0-49134 
0-SOI37 

0-82 

0-83 

0-81115 

083127 

E 

1 

1 

}r 

o-i8 

0-18049 

o-ji 

0-51140 

0-84 

0-84330 

B 

1 

■3 

1 

K 

0-19 

-"»- 

0-51 

0£»14I 

0-85 

0-85133 

■5 

T. 

1 

a 

0-J0055 

0-S3 

"■53 '45 

086 

0-86  »3  5 

.2 

.'•y'" 

.9 

o-x 

o-»ios7 

0-54 

o'S4'48 

0-87 

0-S7238 

1 

1 

s. 

ii." 

1 

0-21 

0-21060 

OS5 

o-S5'5' 

0-88 

0-88,41 

1 

1 

^ 

o^_.^ 

^ 

o-ii 

o-t3o63 

0-56 

0-56153 

0-89 

0-89  J44 

m 

^ 

P      a  . 

t- 

o-M 

0-24066 

OS  7 

0-5715*5 

090 

0-90246 

? 

'"^i 

1 

1     11 

1          ll 

o-JS 

0-JS068 

0-58 

058159 

0-91 

0-91  »49 

■1 

J 

£ 

o-iS 

0-26071 

0-S9 

0-591  f.i 

o-gi 

0-91251 

H 

1 

1 

o)7 

0-17074 

o'6o 

0-60164 

0-93 

oga'ss 

g 

o-i8 

0-J8077 

o'6) 

D-61167 

0-94 

0-94257 

1 

^ 

<r,9 

0-29079 

<y6t 

0-61170 

0-95 

0-95260 

o-jo 

0-30082 

0-63 

0-63173 

e-96 

0-96163 

o-jl 

03  "085 

064 

0-64175 

0-97 

0-97266 

K 

o-ji 

0-3^088 

0-65 

0-65178 

0-98 

0-98168 

0-33 

0-33090 

0-66 

o'66i8i 

0-99 

0-99271 
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II.    FOR  CONVERTING  INTERVALS  OF  SIDEREAL  TIME 


HOURS. 


1 

a 


«0 


1 

a 

5 

4 
5 

6 

7 
8 

9 

lO 

II 
la 

13 
14 
15 

i6 

17 

i8 

19 

ao 

ai 
aa 

as 
^4 


Equivalento 

in 
Meao  Time. 


b«  m.  •. 

0  59  50-1704 

1  59  403409 
a  59  3o-5"3 

3  59  20-681 8 

4  59  10-852  a 


MIKUTBB. 


li 


5  57  227270 

6  57  12-8975 

7  57  3*0679 

8  5^  53*  2  384 

9  56  43'4oS8  , 

20  56  33*5792 

21  56  23-7497 

22  56  13-9301 

23  56  4-0906 


OQ 
1 

a 

3 

4 
5 

6 


5  59  i-oaaO 

6  58  51*1931  I  7 

7  58  41*3635  ';  8 

8  58  31*5340  I  9 

9  58  ai-7044  10 

0  58  118748 

1  58  20453 

2  57  52*2157 

3  57  42*3862 

4  57  32-5566 


II 

13 

13 
14 
15 

16 


17 
18 

19 
20 

31 
32 

23 
24 

25 

36 

27 
28 

39 
30 


Equivmlento 

In 
Mean  Time. 


m.  s. 

0  59-8363 

1  596723 

2  59*5085 

3  59*3447 

4  59*1809 

5  590170 

6  58-8533 

7  58-6894 

8  58*5256 

9  58-3617 

0  581979 

1  58-0341 

2  57-8703 

3  57*7064 

4  575426 

5  57*3788 

6  57*2x50 

7  57*0511 

8  56  8873 

9  56-7235 

20  565597 
1  563958 
3  56-2320 

23  56-0683 

24  55  9044 

25  55*7405 

26  55*5767 

27  55*4' 29 

28  55*2490 

29  55*0852 


m 

B 

i 


CO 


31 
32 

33 
34 
35 

36 
37 
38 

39 
40 

41 
42 
43 
44 
45 

46 

47 
48 

49 
50 

51 

52 

53 
54 

55 

56 

57 

58 

59 
60 


Eqidvaleote 

in 
MeftnTlme^ 


m.   •. 

30  54*9"4 

31  547576 

32  54*5937 

33  54*4299 

34  54-3661 

i  35  54*1023 

36  53*9384 

37  53*7746 

38  53-6108 

39  53*4470 

40  53'83i 

41  53*1193 

42  529555 

43  52-7917 

44  52-6278 

45  52-4640 

46  52-3003 

47  52-1364 

48  51  9725 

49  51*8087 

50  51*6449 

51  51-48x0 

52  51*3172 

53  51  >534 

54  509896 

55  50-8257 

56  50-6619 

57  50*4981 

58  503343 


3X 
32 

23 
24 
25 

26 

27 

28 

29 


20-9437 

a  1*9399  ' 
22-9372  ,    53 
239345  I    54 
24*9318  j    55 

35-9390  |i  56 
269263  J:  57 


37-93.^6 
28*9208 


58 
59 


59  501704 1    30     39-9181  I    60 


54*8499 

55*8471 

568444 

57*8417 
588389 

598362 
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INTO  EQUIVALENT  INTERVALS  OF  MEAN  SOLAR  TIME. 


tMiJiiOse  oT  A  beCosd.                                                              1 

Eflulv,. 

^1 

EqtliV.- 

lenu  In 

H 

Equl™. 

J| 

H 

^i 

Mhid 

1 

Thw. 

1 

OOI 

0-00997 

034 

_ 

3390? 

0-67 

o'668i7 

OOl 

0-01995 

0-35 

349°4 

0-68 

o'678i+ 

1 

003 

0-0=91)  J 

O'JS 

0 

Jf9<" 

069 

o'688i3 

A 

1  1 

p 

0*5 

0-03989 
o>04986 

z 

° 
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37896 

0-70 
071 

0.69809 
070806 

3 

2-sfis 

•? 

■g:3S-° 

006 

0-OS984 

0-39 

0 

3B894 

07a 

071803 

■- 

0-07 

0-06981 

040 

0 

3989- 

073 

07180. 

P, 

as*? 

o-a8 

o-o;978 

0-41 

0 

40888 

0-7+ 

0-73798 

^ 

C—,— — 

t>t>9 

0-08975 

0-45 

0 

4>88s 

0-75 

074795 

i 

§ 

f  .. 

III 

1  ^ 

1  e 

oil 

013 

015 
0-.6 
017 

0-09973 
0-10970 
0-11967 
013965 
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o'i49S9 
=>■  15956 

0'i6954 

0-43 

0'44 
0-45 
046 
047 
0'48 
0-49 
0-50 

» 

42B83 
43880 
44877 
45874 
4687. 
47869 
4S866 
49864 

076 

0-77 
078 
079 
0-80 
o-8i 
o-8» 
083 

075793 
0-76790 
077787 
078784 
0-J9781 
o'8o779 
0-81776 
o-8)773 

1    -3 

if 

1 

1 

i" 
1 

1 

o-i8 

0-17951 

O'SI 

0 

50861 

0-84 

0-83771 

'f 

1 

019 

0-18948 

o-ji 

0 

S-858 

o'Si 

0-B4768 

-  5 

1 

1^ 

.3 

o-io 

o''9945 

0-53 

S'SfiS 

0-86 

0-85765 

i  1 

1. 

1*8." 

s 

on 

0-10943 

054 

0 

53853 

0-87 

0-S676J 

s   ^ 

^t: 

^ 

OIJ 

0»i94O 

•>-i6 

0 

54850 

o'88 

o'8t76o 

■'   s 

■ 

013 

o-«937 

o'sfi 

0 

55847 

©■89 

0-88757 

n 

t 

0-34 

o-mu 

0-S7 

0 

S6844 

090 

0S9754 

i 

I  O'S 

0-14931 

o-s8 

° 

S7S42 

091 

0-9075 1 

II 

^ 

1   1^ 

1    0'36 

0-J5919 

0-59 

0 

58839 

0-92 

091749 

(i 

1  0-J7 

0-.6916 

o'6o 

0 

59836 

o'93 

0-91746 

1 

Si 

o-»B 

0-179I4 

0-61 

0 

60833 

0-94 

0-93743 

W 

019 

0-.89.I 

o-6i 

61831 

<i-9S 

0-94741 

s 

0-30 

0-19918 

063 

0 

6i8j8 

0-96 

0-95738 

1 

^o-3i 

0-30915 

064 

0 

63835 

0-97 

096735 

s 

;  o'S' 

0-3I9M 

o-6s 

0 

64833 

098 

0-97731 

i°-" 

o3i9"> 

0-66 

o'6s8io 

ff99 

0-98730 
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roB  Bsnuoufa  lohgitude  to  tiiu.      ns  KSDuciira  nw  to  LosairuDB. 


-!- 

B. 

„. 

^ 
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1 

i 

a 

1 

1 

1 

a. 

K. 

11 

~ 

H.  «. 

a. 

■   " 

ft. 

' 

" 

d. 

T. 

■.  *. 

~ 

*   " 

T. 

"   " 

T 

7 

4 

3' 

*   4 

70 

40 

, 

15 

, 

0  15 

31 

7  45 

1 

o 

8 

3« 

1   B 

80 

*o 

1 

30 

» 

0  30 

33 

8   0 

3 

0 

n 

33 

a  11 

90 

0 

3 

45 

3 

0  45 

33  '  8  IS 

4 

0 

16 

34 

3  16 

too 

40 

4 

6a 

4 

I  0 

34   8  30 

5 

° 

ao 

35 

.  » 

110 

» 

S 

75 

G 

'  >S 

35   8  45 

6 

D 

.4 

3S 

»  i4 

im> 

0 

6 

90 

6 

1  30 

I36   9   0 

7 

0 

*B 

37 

I   38 

"30 

B 

40 

7 

105 

7 

■  45 

37   9  >S 

8 

» 

2* 

38 

1  31 

140 

9 

x> 

8 

lao 

8 

a   o 

38   9  30 

9 

0 

36 

39 

.  36 

ISO 

10 

0 

9 

'3! 

9 

a  IS 

'  39  '  9  45 

lO 

° 

4° 

40 

.  40 

16a 

w 

4° 

10 

ISO 

10 

a  30 

1  4«  -0   0 

u 

0 

44 

4> 

»  44 

170 

It 

aa 

>i 

.«i 

II 

'  4S 

4' 

10  15 

n 

0 

48 

4» 

3  48 

180 

1} 

0 

11 

180 

11 

3   0 

1  43 

10  30 

13 

0 

i> 

43 

»     S» 

190 

IJ 

V 

■3 

.95 

'3 

3  IS 

43 

10  45 

"4 

0 

S6 

44 

)  56 

100 

'3 

Id 

'4 

no 

'4 

3  30 

44  '  "    0 

IS 

» 

° 

4S 

3   0 

1.0 

'4 

« 

"5 

"5 

" 

3  45 

45   "  'S 

i6 

4 

46 

3      4 

»o 

■4 

4'» 

16 

140 

16 

4   0 

46  1  11  30 

17 

8 

47 

3   8 

330 

IS 

10 

'7 

»55 

■7 

4  'S 

47   "  45 

iB 

48 

3  11 

,40 

16 

0 

18 

370 

:S 

4  30 

48lia   0 

<9 

16 

49 

3  >fi 

15a  1  16 

40 

'9 

J85 

■g 

4  45 

49  1  "  >5 

34 

JO 

SI 

3  10 
3  '4 

ao 

l 

300 
315 

I 

5   0 

5   15 

50  1  11  30 

51  j  "  45 

1* 

18 

S» 

i     38 

ISO 

18 

40 

aa 

33- 

It 

5  30 

ja   "3   0 

n 

31 

53 

3  3« 

190 

>9 

«o 

"3 

345 

«3 

5  45 

53  1  '3  >5 

•4 

36 

54 

3  36 

3W 

10 

0 

34 

360 

»4 

6   0 

54   '3  30 

*5 

40 

55 

3  40 

310 

» 

40 

=5 

fi  "S 

55  '  '3  45 

16 
»7 

44 

48 

S6 

S7 

3  44 

3  48 

3J0 

330 

11 

" 

»6 

'7 

6  30 

6  45 

56  '4   0 

57  ;  '4  IS 

iS   1  I 

5' 

S8 

3  S" 

3*0 

»a 

40 

)8 

7  ° 

58   "4  30 

19  1  1 

56 

59 

3  56 

35=> 

>3 

ao 

39 

7     "5 

59   '4  45 

30  1  J 

" 

60 

4   0 

360 

»4 

" 

30 

7  30 

60   IS   0 
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The  first  of  the  two  preceding  tables  is  used  for  reducing; 
longitude  to  time,  at  the  rate  of  iS''  to  i**. 

The  degrees^  minutes^  or  seconds  are  given  in  the  odd 
columns^  and  the  corresponding  time  in  the  even  columns. 
When  the  !•*  column  is  reckoned  degrees,  the  2^^  is  hours  and 
minutes  of  time;  and  when  the  1^  is  minutes  of  arc,  the  a°^ 
is  minutes  and  seconds  of  time ;  and  so  on. 

Example  : — Convert  161''  5'  ao''  of  longitude  into  time. 

h.  m.      8. 

160°                 «               10  40      o 

1°                 «  40 

5'                 =  ao 

30'                «  1*3 

Required  time  10    44     21*3 

The  2°^  table  is  the  converse  of  the  1"*.  The  time  is  given 
in  the  odd,  and  the  longitude  in  the  even  columns.  The  cor- 
responding denominations  of  time  and  space  are  to  be  understood 
as  in  the  preceding  table. 

EXAMPLK  : — Convert  5^  S™  i  a"  into  longitude. 


5^ 

12"                        « 

0 

75 
a 

0 
0 

3 

0 
0 
0 

Required  longitude 

77 

3 

0 

Three  meridians  are  commonly  employed  by  astronomers  from 
which  to  reckon  time  from  :  Berlin,  Greenwich,  and  Washington. 

lb  convert  Berlin  into  Greenwich  Time.  Subtbact  o**  53™  35"5% 
or  the  decimal  of  a  day,  0*0372164. 

To  convert  Greenwich  into  Berlin  Time.  Add  the  preceding 
quantities.     . 

To  convert  Berlin  into  Washington  Time.  Subtract  6**  i°>  47'5% 
or  the  decimal  0*2512441. 

To  convert  Washington  into  Berlin  Time.  Add  the  preceding 
quantities. 

To  convert  Greenwich  into  Washington  Time.  Subtbact  5**  8™  I2'0*, 
or  the  decimal  0*2140277. 

To  convert  Washington  into  Greenwich  Time.  Ado  the  preceding 
quantities. 
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V.    DAYS  EXPRESSED  AS  DECIMALS  OF  A  TEAR. 


. 

'             3 

4 

' 

6 

7 

B 

9 

■00  J  7 

■0OS4   j-0o8i 

■0109 

■0137 

-0164 

■o>9' 

■0319 

0.46 

lo 

"74 

•0301 

■0318     -0356 

■0383 

■0411 

■043S 

■046s 

■0493 

■0510 

JO 

■0548 

■OS7S 

■060.   [  -0639 

■■>fiS7 

■068s 

■o7>» 

■0739 

■0767 

■0794 

30 

-0811 

■0849 

■0876  j-0904 

■0931 

■<»9S9 

0986 

■1013 

■I04I 

-1068 

40 

■.096 

■ii»3 

■iiSo 

■n78 

■iioj 

■"33 

■1160 

■1.87 

■IJ»S 

■134' 

so 

•1370 

■397 

■14J4 

■14S* 

■'479 

■iS«5 

"534 

■ije. 

■■589 

1616 

60 

■1644 

■1671 

■.698 

■>7>6 

■1753 

■178. 

iBoS 

■183s 

■.B63 

■.890 

70 

-.9.8 

'945 

■1971 

-9  000 

■wa; 

■1054 

'30Bl 

3.09 

■"37 

■1164 

80 

■1192 

'11I9 

■»a46 

■"74 

■330' 

■«3»9 

■J3S6 

■n^i 

■3411 

■'438 

90 

■J466 

■'493 

■JSSO 

■«S4B 

■'S7i 

■'603 

.630 

■»6sj 

■,687 

■»7H 

.00 

•3740 

■»767 

■"794 

■aSii 

■'849 

■»876 

■1904 

■'93' 

■»959 

■.98« 

no 

•3013 

■304' 

■3068 

■3096 

■3>*3 

■3150 

■3>78 

■3'OS 

■3 '33 

■3'6o 

no 

■3187 

■33 'S 

■334* 

■3370 

•3397 

■34'4 

'345' 

■3479 

■3SO; 

■3534 

130 

■356' 

■3589 

■3616 

■3644 

■3^7" 

■3698 

■37'6 

3753 

■378' 

■3808 

MO 

■383s 

■J863 

•3890 

■39'a 

■3945 

■397' 

■4000 

■4037 

■4054 

■408» 

ISO 

■4109 

■4137 

•4164 

-4191 

■4'i9 

-4>46 

■4»74 

■4301 

■43 '9 

■4356 

160 

■4383 

■4411 

■4438 

■44« 

■4493 

■45'o 

4548 

■4S75 

■4603 

■4630 

170 

■4657 

■4686 

■47" 

■4740 

■4767 

■4794 

•4811 

■4849 

-4877 

4904 

iSo 

■493' 

■4959 

■4986 

■5<"3 

■504' 

•5068 

■5096 

5 1 '3 

■J  1 50 

■5178 

190 

■5105 

■S=33 

■5360 

■S'87 

S3I5 

■f34' 

■5370 

■5397 

■54M 

■S4S» 

100 

■M79 

■J  SO? 

■SJ34     'Sifi' 

■5589 

■5616 

■S644 

■s6;> 

-5698 

57'* 

JIO 

■6:j3 

■5781 

■5808     'sSss 

■5863 

■5890 

■59' 8 

■5945 

■597' 

6000 

3 10 

■603  7 

■6»SS 

•608  J    -6.09 

■6137 

-6164 

■6,9. 

■6„9 

■6246 

■6374 

m 

■6301 

■63^9 

■6356    -6383 

■64 1 1 

■6438      6466 

■649J 

■6510 

■6548 

340 

■657s 

•6603 

■6630 

■6657 

-6685 

■67 13  1-6740 

■C767 

■6794 

-6833 

aso 

■fiSso 

■6877 

6904 

■6931 

■6959 

■6986    7013 

7041 

■7068 

■7096 

afio 

■7"3 

■7'5' 

•7i;8 

7'OS 

■7'3' 

7360  '7387 

73 '5 

■7341 

7J70 

170 

■7397 

74M 

745' 

■7479 

7507 

■7534    7561 

■75B9 

7916 

■7644 

»So 

■767, 

7693 

■7716 

7753 

778  > 

7S08     783s 

■7863 

7890 

7918 

390 

■7945 

■797' 

8000 

■80J7 

■So5i 

■BoSj     -8109 

■8 '37 

■8.64 

■8.9' 

300 

-8219 

'8141^ 

■8J74 

•830. 

■8318 

■835fi 

■R383 

■S471 

■843B 

■8466 

310 

■«m 

■BS'o 

■8548 

■3S7S 

■8603 

■8630 

-86S7 

■8685 

■8711 

■8740 

3"> 

•8767 

■B794 

■88m 

•8849 

■8877 

■8904 

8931 

■8959 

■8986 

■9013 

330 

■9041 

■9068 

■9096 

■9  "3 

■9'5o 

■91 78 

■9'OS 

*9'33 

■9160 

■9387 

340 

■931s 

■934  = 

'9370 

■9397 

■94»4 

945' 

■9479 

■9507 

■9534 

■9S6' 

359 

■95S9 

■9616 

■9644 

-967. 

■9698 

■9736 

■9753 

■9781 

-9808 

■9835 

360 

-.jHfij 

•9S90 

■99  r8  1  -9945 

■99?) 

i-oooo 

£c<inplc  >.— ^hit  dkjr  ot  thajewoorreipondib)  thedeeiniklo-iiit  f   AnM    TTib 
.  41"-  -  Fob.  10. 


BookX.] 
VI. 


Agronomical  TabUg. 


aaoaa  txptaaaxD  «8  dbci- 


HIHDTBB  UFBISaSD  AB  DBOIHU.  PABTa  01 


Hon™. 

Dednul. 

Ulmrtat. 

DocJDUtL 

KinUM. 

Decimal. 

, 

■0416 

, 

■0006 

31 

..., 

- 

■0833 

3 

■0013 
-OOM 

3» 
33 

■o»»9 

a 

■1250 

4 

■00*7 

34 

■0136 

4 

■1666 

5 

■0034 

35 

■o»43 

S 

■J083 

6 

■0041 

36 

■oaso 

6 

■»5<>o 

7 
8 

-0048 

■0OS5 

37 
38 

■0356 
■0163 

7 

■1916 

9 

•006a 

39 

-0170 

8 

•333i 

10 

■0069 

40 

■o»77 

9 

■3750 
•4166 

» 

■0076 
0083 

41 
4» 

■0.84 
■0191 

'3 

•0090 

43 

■Q.98 

" 

■4583 

14 

-0097 

44 

•0305 

" 

■5000 

'5 

■0104 

46 

■031a 

'3 
14 

■M'6 
■3833 

i« 
•  7 

•0118 

46 

47 

■0319 
•03.6 

'5 

■6J49 

iS 

■01  js 

48 

■0333 

■9 

■013 1 

49 

•0340 

16 

-6666 

10 

•0138 

SO 

0347 

>7 
18 

■7083 
•7500 

11 

■0145 
'015* 

SI 
5' 

■0JS4 

■0J6, 

"9 

■79.6 

*3 

•OIS9 

53 

-0368 

.0 

■B333 

»4 

»5 

■0166 
■0173 

S4 
55 

■037s 
■0381 

» 

■8W 
■9i« 

*6 
'7 

-oiBo 
•0187 

66 

57 

'038S 
■0395 

'3 

■9583 

iS 

■O'M 

58 

■04OJ 

U 

l-oooo 

19 
30 

■o>o8 

59 
60 

■0409 
■0416 

778 


Astronomical  Tables. 


[BoqkX. 


VIII.     DAYS  OF  THE  MONTHS  EXPRESSED  AS  DAYS 

OF  THE  YEAR 
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334 

December 

339 

344 

349 
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364 

N.B.  If  the  year  is  leap-year,  an  extra  day  must  be  allowed  for  from  March  i. 

The  following  are   some  illustrations  of   the   many  practical 
applications  of  the  4  preceding  tables. 


Example  I. 

The  epochs  of  certain  astronomical  observations,  such  as  the 
measurements  of  double  stars,  are  expressed  in  years  and  deci- 
mals of  a  year.  Suppose  that  an  observer  at  Oxford,  on  April  15, 
1864,  measured  the  distance  of  the  component  stars  of  (  Librae, 
and  found  it  to  amount  to  7",  what  would  be  the  date  of  that 
observation  expressed  according  to  the  conventional  method  of 
reckoning  ? 

The  15***  of  April  is  the  105*'*  day  of  the  year;  but  1864 
being  leap-year,  it  was  the  106^  of  that  particular  year.     By 
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Table  V.  the  decimal  part  for  io6  days  is  0*2904;    therefore  the 
date  reduced  becomes  1864*290. 


Example  II. 

According  to  the  calculations  of  Seeliog,  the  great  comet  of 
1 861  passed  through  perihelion  on  June  11*5508  G.M.T.  What 
would  that  be,  expressed  in  hours  and  minutes  and  seconds? 

From  Table  VI.  it  appears  that  0*5508  of  a  day  corresponds 
to  some  period  between  ij^  and  14'' ;  being  0-0092^  in  excess 
of  the  former. 

From  Table  VII.  it  appears  that  00092  of  a  day  corresponds 
to  some  period  between  13*"  and  14™;  being  00002^  in  excess 
of  the  former. 

The  difference  between  the  decimals  of  13™  and  14™  being 
0-0007*,  the  given  quantity  is  f  of  a  minute,  or  17*  142'  in  excess 
of  the  13™. 

And  the  whole  answer  is,  June  ii*  13^  13""  i7*i4*. 


Example  III. 

In  1864  (leap-year)  how  many  days  intervened  between  Jan.  5 
and  Aug.  12? 

From  Table  VIII.  it  appears  that  Aug.  10  was  the  253'*'  day 
of  the  year;  therefore  Aug.  12  was  the  255*^,  and  Jan.  5  being 
the  5***  day  of  the  year,  the  tabular  interval  is  255  —  5  =  250, 
but  1864  being  leap-year,  the  true  interval  was  250  -|-  i,  or 
251  days. 
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IX.    MEAN    REFRACTION  OF  CELESTIAL   OBJECTS    FOR 
TEMPERATURE  60%  AND  PRESSURE  296  INCHES. 
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X.     CORRECTION  OF  MEAN  REFRACTION. 
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I  0 

I  59 

I  43 

I  35 

1  9 

53 

38 

33 

8 

7 

at 

36 

50 

I  3 

I  17 

I  301  43 

I  10 

I  53 

1  38 

I  21 

1  6 

50 

36 

as 

7 

7 

ao 

34 

48 

I  0 

I  13 

I  36  1  38 

I  ao 

I  48 

I  33 

I  17 

I  3 

48 

34 

21 

7 

6 

19 

33 

45 

57 

«  9 

»  31|I  33 

I  30 

I  43 

I  a9 

I  14 

I  0 

46 

33 

20 

7 

6 

t8 

3» 

43 

54 

I  6 

I  18 

I  39 

I  40 

>  39 

I  H 

I  II 

57 

44 

31 

18 

6 

6 

t8 

30 

41 

53 

»  4 

I  15 

I  35 

I  50 

I  35 

I  ai 

I  8 

55 

43 

30 

17 

6 

6 

17 

38 

39 

50 

I  I 

I  II 

I  31 

a  0 

I  31 

I  18 

I     5 

53 

39 

^9 

»7 

6 

5 

16 

37 

37 

48 

58 

I   81  18 

a  ao 

i  n 

I  II 

I  0 

48 

37 

a6 

16 

5 

5 

15 

35 

35 

44 

54 

I   31  " 

a  40 

I  17 

I  6 

55 

44 

34 

34 

14 

5 

5 

14 

33 

32 

4» 

50 

58 

.  6 

3  0 

1 

I  11 

I  I 

51 

41 

33 

22 

13 

4 

4 

>3 

21 

30 

38 

46 

54[i  » 

3  20 

I  6 

57 

47 

38 

39 

ai 

»3 

4 

4 

12 

ao 

28 

35 

43 

500  57 

1 

3  40 

I  2 

53 

44 

36 

1  28 

1 

ao 

12 

4 

4 

II 

18 

26 

33 

40 

47:  53 

1 

4  0 

58 

49 

41 

33 

26 

18 

II 

4 

4 

10 

17 

H 

31 

37 

44   50 

4  30 

53 

45 

38 

31 

34 

17 

10 

3 

3 

9 

16 

22 

28 

34 

40 

45 

5  0 

48 

41 

35 

a8 

22 

16 

9 

3 

3 

9 

14 

ao 

a6 

3^ 

36 

40 

5  30 

45 

38 

33 

26 

20 

U 

9 

3 

3 

8 

13 

"9 

34 

29 

34   38 

6  0 

41 

35 

30 

»4 

19 

13 

8 

3 

12 

17 

22 

26 

31   3S 

6  30 

38 

33 

28 

22 

n 

12 

7 

II 

15 

20 

34 

39 

33 1 

7  0 

36 

31 

26 

21 

16 

12 

7 

10 

14 

"9 

33 

27   31 

8 

33 

37 

33 

19 

15 

10 

6 

9 

13 

16 

ao 

34'  37 

9 

28 

34 

20 

16 

13 

9 

5 

1 

8 

II 

»4 

18 

1 

21   34 

10 

26 

22 

18 

'^ 

12 

8 

5 

7 

10 

13 

16 

19 

" 

11 

33 

20 

17 

«4 

II 

8 

5 

I 

7 

9 

12 

15 

18   ao| 

12 

21 

18 

^5 

'3 

10 

7 

4 

6 

9 

II 

13 

16 

18 

13 

20 

17 

14 

12 

9 

7 

4 

* 

A 

6 

8 

10 

12 

15 

n 

M 

18 

I 

13 

II 

8 

6 

4 

3 

5 

7 

9 

II 

»4 

16 

IS 

17 

»5 

12 

10 

8 

6 

3 

3 

5 

7 

9 

II 

13 

'5 

16. 

16 

M 

12 

9 

7 

5 

3 

3 

5 

6 

8 

10 

12 

»4 
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In  practical  astronomy  few  tables  are  more  constantly  called  into 
requisition  than  those  relating  to  refraction :  in  fact,  this  correction 
may  be  regarded  as  the  most  important  of  those  which  have  to 
be  applied  to  instrumental  readings. 


Example  I. 

What  is  the  correction  for  refraction  for  an  altitude  of  8°  ^,  the 
thermometer  standing  at  500°  and  the  barometer  at  29*6°  inches? 

Answer  (by  inspection)  ..          ..         ..  ..6'  25": 

and  therefore. 

Apparent  altitude           ..                          »  ^5' 

Refraction            ..                     ..               a  .      6  95" 


Tmealtitado  7  5^  35 


Example  II. 

What  is  the  correction  for  refraction  for  the  same  altitude,  the 
thermometer  standing  at  44°  and  the  barometer  at  29*45  inches  ? 


/     // 


Thermometer  correction  for  altitude  8^  5'     =        -»-   o    6 
Barometer  ditto  =        —  o     a 


Correction  for  both  is  . .  =        4-04 

Mean  refraction  . .  =        ->  6  25 


.'.  True  refraction  .,  »       —  6  11 


O         t        tt 


Apparent  altitude  . .  »       850 

True  refraction  . .  =        —  6  21 


True  altitude        7  5^  39 
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XL,  XIL,  AND  XIII.     FOR  DETERMINING  THE  DAY  OF  THE 
WEEK  CORRESPONDING  TO  ANY  DAY  OF  THE  MONTH 

BETWEEN  1752  AND  1900. 


COMMON  YEARS. 


1761 

176a 

1757 

1754 

1755 

175a 

1753 

1767 

1773 

1763 

1765 

1766 

1758 

1759 

1778 

1779 

1774 

1771 

1777 

1769 

1770 

1789 

1790 

1785 

178a 

1783 

1775 

1781 

1795 

1 791 

1793 

1794 

1786 

1787 

1799 

1800 

1797 

1798 

1 801 

i8oa 

1803 

1805 

1806 

1809 

1810 

1807 

1813 

1814 

1811 

1817 

1815 

1821 

1818 

1819 

i8a5 

182a 

1823 

1826 

1827 

January  . . 

4 

5 

6 

a 

3 

7 

I 

February. . 

7 

I 

a 

5 

6 

3 

4 

March 

7 

I 

a 

5 

6 

3 

4 

April 

3 

4 

5 

I 

a 

6 

7 

May    .. 

5 

6 

7 

3 

4 

I 

a 

June 

I 

a 

3 

6 

7 

4 

5 

July 

3 

4 

5 

I 

a 

6 

7 

August  . . 

6 

7 

I 

4 

5 

2 

3 

September 

1 

3 

4 

7 

I 

5 

6 

October  .. 

4 

5 

6 

a 

3 

7 

I 

November 

7 

I 

a 

5 

6 

3 

4 

December 

2 

3 

4 

7 

I 

5 

6 

1839 

1830 

1831 

1833 

1834 

1837 

1838 

1835 

1 841 

184a 

1839 

1845 

1843 

1849 

1846 

1847 

1853 

1850 

1851 

1854 

1855 

1857 

1858 

1859 

1861 

186] 

1865 

1866 

1863 

1869 

1870 

1867 

1873 

1871 

1877 

1874 

1875 

1881 

1878 

1879 

i88a 

1883 

1885 

1886 

1887 

1889 

1890 

1893 

1894 

189X 

1897 

1898 

1895 

1899 

1900 

3* 
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XII. 

LEAP  YEABS. 


1764 

1768 

1772 

1776 

1780 

1756 

1760 

1792 

1796 

1784 

1788 

1804 

1808 

18x2 

1816 

1820 

1824 

1828 

Januaiy  .. 

7 

5 

3 

6 

4 

2 

February 

3 

I 

6 

2 

7 

5 

March 

4 

3 

7 

3 

I 

6 

April 

7 

5 

3 

6 

4 

2 

May 

a 

7 

5 

I 

6 

Jane 

5 

3 

I 

4 

2 

July 

7 

5 

3 

6 

4 

August    . . 

3 

I 

6 

2 

September 

6 

4 

2 

5 

3 

October   .. 

I 

6 

4 

7 

5 

3 

November 

4 

2 

7 

1 

3 

I 

6 

December 

6 

•      4 

2 

! 

5 

3 

I 

1832 

1836 

1840 

1844 

1848 

1852 

1856 

i860 

1864 

1868 

1872 

1876 

1880 

1884 

1888 

1892 

1896 
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The  3  foregoing  tables  (from  Willicli)  are  nseful  for  verifying 
dates  (past  or  future)  by  inspection. 

Example. 

The  Battle  of  Waterloo  was  fought  on  June  i8^  1815;  what 
day  of  the  week  was  that  ? 

In  the  column  in  Table  XI.  containing  the  year  18 15  the  index- 
number  belonging  to  the  month  of  June  is  4 :  then  on  referring  to 
column  4  of  Table  XIII.^  opposite  18  will  be  found  'Sunday.'  So 
the  Battle  of  Waterloo  was  fought  on  a  Sunday*. 

The  Battle  of  Trafalgar  was  fought  on  Oct  21^  1805 ;  what  day 
of  the  week  was  that  ? 

In  the  column  in  Table  XI.  containing  the  year  1805  the  index- 
number  belonging  to  the  month  of  October  is  2 :  then  on  referring 
to  column  2  of  Table  XIII.,  opposite  21  will  be  found  'Monday.' 
So  the  Battle  of  Trafalgar  was  fought  on  a  Monday. 


*  A  writer  in  the  New  York  Times  of  began  the  conflict :  in  other  words,  th« 

April  10,  1862,  shewed  that  in  regard  to  one  which  caused  the  desecration  of  the 

battles  fought  on  Sunday,  the  defeated  holy  day.     Waterloo  is  a  case  in  point, 
side  almost  always  was  the  one  which 
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A  CATALOGUE  OF   BINARY  STARS. 


BY  A.  BROTHERS,  F.R.A.S.* 


'*  rilHE  following  Catalogue  of  the  known  Binary  Star-systems 

•^  is  tabulated  from  a  paper  on  the  subject^  which  is  printed 
in  the  Memoirs  of  the  Manchester  Literary  and  Philosophical 
Society f  vol.  iii.  3'*  series. 

"The  binary  character  of  some  of  the  objects  may  not  yet 
be  fully  established^  but  they  are  placed  on  the  list  in  order 
that  they  may  receive  continued  attention. 

"  It  is  now  generally  believed  that  the  motion  of  61  Cygni 
is  rectilinear^  but  this  star  was  considered  by  Smjrth  to  be 
binary^  and  as  it  is  so  entered  in  most  catalogues  it  is  retained 
in  this  list  on  account  of  the  general  interest  which  attaches 
to  it. 

"  The  Bight  Ascensions  and  Declinations  of  some  of  the  stars 
are  for  i860,  while  those  of  others  are  for  1865,  which  epochs 
are  thought  to  be  sufficiently  near  for  the  purpose,  and  in  this 
tabular  list  the  years  could  not  conveniently  be  distinguished. 
The  magnitudes  are  from,  the  catalogues  of  Smyth  and  Secchi, 
and  the  positions  and  distances  are  from  lists  which  have  been 
supplied  for  the  purpose  by  Mr.  W.  R.  Dawes,  M.  Secchi,  Mr. 
Knott,  and  Mr.  Talmage,  and  from  the  published  observations 
of  many  other  observers,  a  careful  comparison  of  the  whole 
having  been  made. 

*'  In  the  column  shewing  the  position  angles  the  signs  +  and  — 
indicate  that  the  object  has  a  direct  or  a  retrograde  motion.^' 

■  Kindly  prepared  for  this  work  at  my  request. 
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Hb. 

Name  of  Star. 

Bfernre's 

i860  or '65. 

Bed. 

0      t 

Bpoeh 

18M  + 

MW. 

PoiitioD.      A^^^^ 

h.  m.  ■. 

0                  M 

I 

316  Gephei    .. 

3 

0     I  30 

-»- 78  560  '    65 

6  —6 

395   56-      Or^S 

J 

318  Gephei    .. 

«3 

0    8  18 

1 

•♦-  76  lo-o  j   63 

6-«| 

103  56-     <r»o 

3 

lyCMsiopeiB 

60 

0  40  53 

-»-  57    60 

65 

4-7* 

"5  59+     ^75 

4 

36  AndromecbB 

73 

0  47  36 

-1-33   53-9 

66 

6-7 

349  5*+     >*3i 

5 

351  POPiidiiin  .. 

•  •  • 

0  53  39 

+    0      3-3' 

52 

S— 9 

^05  10+   18-80 

6 

43Ceti 

"3 

I  "  54 

—    1    14*0 

63 

6—8 

343    3+     ^'^7  1 

7 

133  PI  Piscium  .. 

138 

I  38  59 

+  6  573 

63 

6J— 8 

38  69  + 

1*57 

8 

309  P I  Pisoium  . . 

186 

1  47    0 

+  0  590 

57 

7i-7i 

87  53  + 

0*42 

9 

a  PiBoiani 

303 

I  55    3 

+   3    6*6 

65 

5  — « 

315  76- 

323 

lO 

y  AndromedK  A.B. 

205 

I  55  37 

+  41  409 

65 

3*-5j 

^3  43- 

10-3* 

II 

B.C. 

tf 

tt 

tt 

tt 

5  -<-3 

107    7- 

0-59 

ij 

359  Andromeds  .. 

338 

2    s    6 

+  46  500 

61 

7  —7 

386  50  + 

0-90 

13 

357  2  Pereei 

257 

3  15  12 

+  60  550 

6i 

7  — « 

183  50  + 

Or40 

M 

<  Caasiopeias      A.B. 

363 

2  17  35 

+  66  46-3 

6t 

4l-7 

365  87- 

I-9J 

15 

378  2  GaBBiopeuB . . 

378 

3  35  36 

+  68  41*0 

57 

s—^ 

6767- 

0-40 

i6 

ff  Arietis 

333 

3  51  39 

+  30  47-9 

66 

5-«J 

199    ^  + 

114 

17 

7  Tauri             A.B. 

413 

3  36    0 

+ 13  590 

65 

6J-<J 

361  97  — 

0-45 

i8 

98  P  III  Eridani 

•  •  • 

3  29  5a 

+    0     8*3 

45 

6i-9 

235  90  + 

600 

19 

49  Gephei 

460 

3  46  48 

+  80  180 

6a 

51-6J 

15  6x  + 

0*70 

ao 

511  2  Gamelopardi 

5" 

4     6   13 

+  58     3-6 

63 

6-7 

294    7- 

•  «  • 

31 

230  Tauri 

554 

4  15  42 

+  11    o-o 

6i 

5J-8J 

342  38- 

1*73 

33 

3  Gamelopardi 

566 

4  38    6 

+  53  H'o 

63 

6-7J 

'99  53- 

1-68 

23 

577  2  Aurigae 

577 

4  33  48 

+  37  140 

62 

7i-8 

265  50- 

1*63 

^4 

9}  Orion  is       ..      ,., 

•  •  ■ 

5  17  26 

-  3  318 

67 

4  —  5 

86  13- 

095 

35 

i3Lynci8         A.B. 

948 

6  34  18 

+  59  34  4 

63 

6—6} 

138  57- 

173 

a6 

A.G.; 

it 

tf 

fi 

»» 

71 

305  77  + 

8-67 

27 

Sinus 

•  •  • 

6  39  13 

->6  315 

66 

I  — 10 

71  31- 

lo-io 

38 

38  Geminonim     . . 

1 

983 

6  47     I 

+  13  309 

66 

5J-8 

164  73- 

570 

39 

1037  2  Greminonim : 

1037 

746 

+  37  37-0 

63 

7-8i 

318  10- 

1*33 

30 

8  Greminorum 

1066 

7  13     4 

+  33  13-8 

61 

3i-9 

30I    90  + 

697 

31 

a  Geminonim 

mo 

7  25  59 

• 

+  33  ii-o 

65 

3  — 3j 

241  45- 

5-68 

3« 

1 157  2  Monocerotis 

"57 

7  47  30 

—  3  36-0 

63 

8  -8-3 

356  77- 

139 

33 

85  Lyncis 

1187 

8    0  43 

+  32  37'o 

66 

7-71 

56  38- 

1-83 

34 

CGancri            A.B. 

1 196 

8    4  23 

+  18      3'2 

tf 

6-7 

234  63- 

0*40 

35 

„                A.G. 

tt 

tt 

tt 

63 

71 

140  70— 

5 '61 

36 

1363  2  Lyncis 

1363 

8  35  54 

+  43    13*0 

66 

7-71 

19       + 

31-24 

37      (Hydra        ..      .. 

"73     8  39  38    +6  54-8 

66 

4-81 

213  83  + 

387 
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No. 

Name  of  Star. 

StniTe's 
No. 

'      B.A. 

i860  or  '65. 

DecL 

Epoch 

1800  + 

66 

Mag. 

FMition. 

Dis- 
tance. 

38 

157  Lyncis    . . 

1.^38 

1    h.  m.    s. 
9    13    13 

0       / 
+  38  46*1 

6}-7 

0 
143     48  + 

171 

39 

»  Jjeonis 

1356 

9  "  n 

+   9  386 

66 

6i-7j 

33     93  + 

030 

40 

161  P IX  Seztantis 

1377 

9  36  37 

+   3  160 

56 

8-13 

129  45- 

311 

41 

8  Sextantis   . . 

•  •  • 

9  45  6 

—    7    24'0 

60 

6— 6J 

38   31- 

0-50 

43 

7  Leonis 

1434 

10    13    34 

+  30  31-6 

66 

»  —4 

III  44  + 

317 

43 

145  Leonis    .. 

1436 

10    13    13 

+   7    8-0 

S6 

7J-8 

371  78  + 

0-65 

44 

1457  :E  Sextantis  •• 

1457 

10  31  34 

+  6  38-0 

63 

7-8 

309  83  + 

0*91 

45 

1516  2  Draconis  .. 

1516 

"     5  42 

+  74  150 

63 

7-7i 

70    5  + 

414 

46 

(  Ursae  Majoris 

«5«3 

II  10  59 

+  33  176 

66 

4-5J 

8655- 

335 

47 

1  Leunis 

1536 

"  16  53 

+  11  i6-6 

65 

4-7l 

73  13- 

3*8l 

48 

7  Virginis 

1670 

"  34  50 

—  0  43*6 

66 

4  —4 

164  38- 

4*39 

49 

35  ComsB  Berenicis 

1687 

13  46  39 

+  21  58-8 

65 

5J-8J 

5«  87  + 

1-31 

50 

43  ComsB  Berenicis 

1738 

13    3  36 

+  18  14*6 

65 

4l-5 

193  95  + 

0*35 

51 

1 37  P  XIII  Virginis 

1757 

13  27  23 

+    0   33*6 

63 

8-9 

59    4  + 

3*00 

53 

i768  2Can.Venat. 

1768 

13  39  54 

+  37  no 

6S 

6-7 

round    — 

53 

i785  2Bodtis 

1785 

13  4«  48 

+  37  41-0 

64 

7-7J 

193  41  -f- 

3'6o 

54 

1819  2  Virginis   .. 

1819 

14    8  18 

+   3  470 

63 

7J-8 

3a  15- 

1*39 

55 

1830  2  Bootis 

1830 

14    II    13 

+  57  190 

60 

8i_9 

378  33  + 

5-30 

56 

ir  Buotis 

1864 

14   34    33 

+ 16  59-9 

66 

3i-6 

100  60 -f- 

573 

57 

1876  2  Librae 

1876 

14  39    0 

-  6  480 

63 

8  —8 

65  87  + 

1*30 

58 

c  Bootis 

1877 

14  39    5 

+  ^7  387 

65 

3  —7 

3^5  50  + 

3*93 

59 

(Bootis 

1888 

14  45    9 

+ 19  39*8 

65 

3J-6J 

300  83- 

541 

60 

44  Bootis 

1909 

14  59  " 

+  48  10*8 

63 

5-6 

839  53  + 

4*75 

61 

I  Coronie  Borealis 

1932 

15  13  18 

+  37  31*0 

63 

7—7 

390  37  + 

118 

63 

1}  Ck>ron»  Borealis 

1937 

15  17  37 

+  30  A^'l 

66 

6  —61 

33  13  + 

1*13 

63 

M*  Bootis 

1938 

15 19  n 

+  37  49*3 

66 

8  — 8{ 

180  30— 

0-30 

64 

8  Serpentis    . . 

"954 

15    38    31 

+  10  59*5 

66 

5J-10 

189  80- 

3-4» 

65 

7  Goronae  Borealis 

1967 

15  37    4 

+  ?6  435 

66 

4-6i 

round    — 

66 

51  Librae          A.B. 

1998 

15  56  57 

- 10  599 

66 

4i— 5 

161       + 

0*40 

67 

tt                 A.C 

•t 

n 

tt 

6S 

7i 

69  66- 

7-10 

68 

49  Serpentis  . . 

303I 

16    7  10 

+ 13  53<5 

«4 

7-7* 

334  60  + 

3*53 

69 

3036  2  Hercolis  .. 

3036 

16    748 

+   7  440 

65 

si-ol 

336  10— 

1-50 

70 

<f  CoronaD  Bor.  A.B. 

3033 

16    9  37 

+  34    13-3 

65 

6— 6} 

193  45  + 

397 

71 

tt          it      A.,\j. 

tt 

t* 

» 

55 

II 

88  35- 

49'45 

73 

a  Scorpii            A.  a. 

•  •  • 

16    31       7 

—  30    7*8 

66 

1—8 

373  90— 

3*93 

73 

A  Ophiuchi    . . 

ao55 

16  34    6 

4-   3  168 

65 

4—6 

35  36  + 

1*51 

74 

\  Hercolis     •  • 

3084 

16   36    13 

+  31  h^^ 

66 

3  —6 

339  33— 

0-83 

792 


Appendix. 


Na 

NameorSter. 



Na 

B.A. 

i860  or  "^s- 

DeoL 

itioo  + 

1 

PoritioB. 

0 

1^ 

h.    m.   A. 

0     1 

M 

75 

3106  2  Ophiachi.. 

aio6 

16  44  30 

+  9  39*0 

63 

6—8 

321  30- 

0*50 

7« 

167  Hercmlis 

a  107 

16  46  18 

+  a8  54*o  1 

«5 

6}_8J 

189  a8  + 

0-93 

77 

i7oPXVI0phiuch. 

3114 

16  53   18 

+  8  390  1 

59 

7-8 

147  63+     I'll 

78 

aio  Hercalii 

aiao 

16  59    6 

+  a8  17-0' 

66 

:«J-9 

a7«  94-j    356 

79 

^  Dnoonia  .. 

ai30 

17     «  33 

+  54  39*1: 

65 

4-4i 

181  84-1    179 

80 

36  Ophiochi 

... 

17    7     I 

-  ^  n'5  i 

1 

6* 

4i-*i  "*  47-.   4" 

81 

S  Herculit    . . 

3"7 

17    9  39 

+  3$    o-o 

66 

'  4  — 8J  179  61  +   io-i8 

83 

p  HercuUs    . . 

ai6i 

17  19    a 

+  37  >6-4 

6* 

,4-5* 

309  50+     3-61 

83 

ai73  SOphiucbi.. 

»i73 

17  24  la '—  0  58-0 

S8 

6-7 

335  9a  +     0-84 

84 

^^  Herculk      RC. 

■  «  • 

17  41    0  •*'a8  48*0 

65 

lOj— II 

79  61  +     183 

85 

r  Ophiochi  . . 

aa62 

17  55  43-  8  106 

66 

5  — < 

1 

348    5  + 

1-60  1 

86 

70  Ophiachi 

aa7a 

«7  58  37   +   »  3«-5 

66 

4J-7 

loi  13- '   537 

87 

«  Lyne 

■  •  ■ 

18  3a  20+38  39*» 

65 

I     —If 

150  13+    46-15 

88 

•*  LlTB  (4)    .  . 

338  a 

i8  39  5«    '»'39  317 

61 

5-^i 

ao  33—!   3*06 

89 

••Lyr«(5)..      .. 

2383 

•f                »» 

65 

5  — 5i 

14486- 

3-56 

90 

a4oa  2  Serpentis 

3403 

i8  43    0  -»- 10  330 

56 

8  — 8J 

313  41  + 

0-89 

^^|:,74PXVIIIAqui^,J,^3^ 

9a                      n                  RC.         ^ 

'  18  55  36  -  0  54-0 

«4 

7  —8 

136  85- 1  34-39  1 

1 

tt        1        »» 

64 

loj 

69  60- 

«79 

93      ^455  2  Vulpeculie      ^455 

19      0  54    -»•  21    580 

64 

7}-9j'»'5  53- 

1 

3*53 

94      io8PXIXDr»con.|  ^509 

19  15  30   +63  57-0 

62 

6}— 8 

343  78-,   080  1 

95      «0*^^»          •      ••     ^^^9 

19  40  45    -•-44  48  I 

66 

3i— 9  1  348  31+      170 

!               1 

96 

2696  2  Delphini . . 

1 
3696 

30  36  36   +    4  580 

56 

8  — 8J  3>o  26+     07a 

97 

X  Cyijni 

•  •  • 

'  30  41  54   +35  55*0 

60 

6  —7      96  5i-|    07a 

98 

4  Aquarii 

3739 

30  44  16  -  6     77 

56 

6  — 8  .107  86  + ;    0-30 

99 

f  E<|uulei         A.6. 

»737 

30  5a  20   +   3  46'^ 

66 

5i— 7j  '90  25-     1*06 

100 

f,                     A.C  ;       t* 

I        t»                »» 

66 

7i 

73  13-;  1055   1 

lOI 

1 

61  Cygni       ..      ..     2758 

31     0  41    +38    3*9 

66 

i;J__6       III    69+     18  76 

t                                                  1 

loa      11  Arg.  XXIVCep.,     ... 

31    10  50+63   498 

66 

7l— 7l  244  53-'    096 

103  1  10  Pegasi 

2799 

31    33    34+10    380 

63 

6J-7}  317  57- 

1*44 

104  1  33PXXIlPegMi 

3877 

33       7   43     +  16   300 

63 

6i— 9}  34a  ao  + 

1 

8*99 

105 

(  Aquarii 

3909 

aa  31  53  -  0  436 

66 

4-4j'337    1- 

1 

3*64 

106 

37  Pegasi 

3913 

1 
22  23    9   +   3  44*9 

57 

6}_7i;"7  56  + 

074 

107 

29342  Pegasi      ..  :  3934 

22  35    6  1  +  20  420 

63 

-i-^ 

164  70- 

1-21 

108 

T  Cephei          A.  a. 

•  ■  • 

23     3  36  :  •»•  74  39*5 

65 

5  — io|     S97«- 

1*15 

109 

0  Cephei 

3001 

23  12  541  +  67  210 

S8 

6      8J  186  51  + 

1 

2  60 

no 

69PXXinAqaar. 

3008 

^3  16  47 

—  0  120 

^          1 

63 

8  -Sjj  264  75- 

5*85 

III 

306a  2  Cassiopeis 

306  a 

n  58  54 

+  57  39*o  1 

65 

6i-7j 

• 

369  95  + 

143 

CcUcUogtte  of  Suspected  Binaries. 
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SUSPECTED  BINARIES. 

"  A  comparison  of  the  measures  of  the  following  objects  shews 
that  there  may  be  changes  in  their  angles  of  position  since  the 
date  of  Struve^s  observations;  but  either  from  the  closeness  of 
the  components  or  other  difficulties  in  their  measurements,  dis- 
crepancies are  found  in  the  results  of  the  various  observers  whose 
catalogues  have  been  consulted,  and  which  render  it  doubtful 
whether  the  binary  character  of  the  stars  may  yet  be  considered 
as  established. 

"The  measures  selected  are  chiefly  from  Dembowski's  Cata- 
logues, and  these,  when  compared  with  Struve^s,  shew  changes 
of  the  angles  of  position  amounting  to  i  o°  more  or  less. 

"  The  R.A.'s  and  Decls.  are  for  the  year  i860.'' 


No. 

Name  of  Star. 

Struve's 
No. 

R  A. 

Decl. 

Epoch 

180C  + 

1 

Mug. 

Position. 

Dis- 
tanoe. 

^h.  nL    s. 

0     t 

0 

I 

44  2  Andromedie 

44 

0  30  36 

+  40  13 

6s 

8}-9 

263  20  + 

8*66 

2 

10  Arietis 

208 

I  hf>  42 

+  25   16 

63 

6  — 8i 

33  92  + 

1-43 

3 

334  2  Cassiopeise  . . 

334 

376 

+  60  4a 

63 

8  — 8J 

»3i  43- 

070 

4 

84  Ceti 

«95 

a  34    6 

-   1   17 

64 

6  — 10 

334  73- 

463 

5 

114  Arietis    .. 

305 

a  39  36 

+  18  46 

63 

7-8 

321  78- 

2-52 

6 

367  2  Ceti     ..      .. 

367 

3    648 

+   0  12 

64 

8  -8 

357  10- 

0-50 

7 

32  Ononis     . . 

728 

5  33  18 

+   5  50 

63 

5-6i 

192  24- 

•  •  • 

8 

749  2  Tauri  . . 

749 

5  38  30 

+  26  50 

63 

6J-6i 

186  44- 

o-6o 

9 

93  a  2  GemiDorum 

933 

6  26  34 

+  14  51 

63 

8  — 8J 

333  27- 

2*i6 

10 

14  Lyncis 

963 

6  40  42 

+  59  40 

63 

6  -6 

59  53  + 

C70 

IX 

11  Canis  Majoris    . . 

997 

6  49  .0 

-13  48 

64 

5-8J 

337  20- 

276 

la 

13  P  VIII  Cancri 

1202 

8    5  54 

+ 11  16 

63 

8  —10 

327  45- 

250 

>3 

i2i6  2H7dr8B      .. 

1216 

8  14  12 

-   I    9 

6,< 

7-7l 

151  13  + 

•  •  • 

14 

V*  Ursn  Majoris  . . 

1306 

8  58    0 

+  67  41 

63 

•4-9J 

253  51- 

325 

15 

i3i6  2HydrsB  A.B. 

1316 

9    0  54 

-  634 

57 

7-ioi 

139  58- 

.^•78 

16 

1 10  HydriB   . . 

1348 

9  17     6 

+   6  57 

63 

7j-7i 

328  15- 

1-66 

17 

1357  2  Hydra 

1357 

9  31  30 

-  9  33 

56 

7-.foJ 

59  58  + 

760 

18 

191  Virginis .. 

1647 

13  23  30 

+  10  49 

63 

7i-8i 

212  90  + 

1.^9 

19 

1 781  2  Virginis     .. 

1781 

13  39    6 

+   5  49 

65 

7-8 

251  77  + 

I'lO 

ao 

338  PXIII  Virginis 

1788 

13  47  43 

-   7  22 

65 

6J-7 

67  70  + 

236 

794 
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Na 

Name  of  Star. 

Stnive's 
No. 

B.A. 

Bed. 

Epodi 

i»oo  + 

1I*» 

Position. 

Dia- 
tanoe. 

h.    m.   1. 

0 

*t 

91 

131  Bootis     ..      .. 

1825 

14  10    6 

+  20  47 

64 

7  —8     178  80-i  389  1 

72 

7oPXIVLibnB.. 

1837 

14  17    6 

-II   18 

65 

7-8* 

314  15- 1   «*34 

«3 

i863  2Boatui 

1863 

M  33  18 

+  5*  »o 

64 

7—7 

95  23-i  0-77 

«4 

(  Bootifl 

1865 

14  34  30 

-f-14  20 

65 

4J-5 

303  25-!  102 

«5 

i883  2Bodtis       .. 

1883 

14  4«  54 

+   6  33 

^3 

7-7J 

262  70-    0-80 

36 

1934  2  Bootis 

"934 

15  >3  34 

+  44  48 

,  65 

8  — 8i 

38  10—;  6t>5 

«7 

1957  2  Serpentis 

1957 

15  29  18 

+  13  23 

63 

8-9 

155  70- 

1*53 

38 

a8i  Hercmlu 

2165 

17  20  48 

+  29  35 

65 

7J-8J 

5i  17  + 

7*io 

«9 

2199  2  Draconb  .. 

2199 

17  36    0 

+  55  50 

57 

7-7i 

loi  45- 

1-65 

30 

417  Herculis 

2289 

18    3  54 

+  16  27 

63 

6i-7i 

234  33- 

124 

31 

2437l8»gitt»    .. 

8434 

18  55  48 

+  18  58 

57 

7}-8 

71  47- 

0-80 

3a 

2454lLyrK 

3454 

18  59  24 

^y>  11 

65 

8-9 

225  97  + 

1-26 

.13 

22  Cygni 

3535 

19   31      6 

+  27    2 

65 

7-7J 

240  84- 

o*6o 

34 

2544  2  AquilsB     .. 

2544 

19  30  44 

+  80 

64 

7-9i 

208  90— 

l'20 

35 

2556  2  Vulpeoule 

2556 

19  33  H 

+  21  55 

65 

7  -7 

167  72- 

•  •  • 

36 

2576  X  Cygni 

3576 

19  40  18 

+  33  17 

«3 

7i-8 

308  85- 

327 

37 

2744  2  Aquarii 

3744  1  20  55  54 

+   0  59 

63 

6  -7   '  >77  55- 

1*50 

38 

2746  2  Cygni 

2746  j  20  55     0 

+  38  31 

63 

8—9    '  '83  70  + 

080 

39 

29  Pegasi 

2804       31     26    30 

+  20     6 

65 

7  —8     3M  5J  + 

275 

40 

2928  2  Aquarii 

2938       33    33      6 

-13  20 

57 

8  -8}    319  35-:  438 

1 

41 

r2i9PXXIIAquar.l 

1                        A.C.f 

2944 

23    40    36 

-  4  57 

63 

1 

1 

7—8      146  67-5067 

4» 

2976  2  Piscium  B.C. 

3976 

23      0   36 

+   5  5< 

57 

yj— 10    183  23  + 

I63I  1 

43 

3046  2  Ctiti  . . 

3046 

23  49  30 

—  10  16 

64 

8  — 8J    241     5+     290   1 

44 

37  Andromedas 

3055 

1 

23  52  18 

+  32  57 

65 

6  —6} 

199  62  + 

317 

POSTSCRIPT. 


January  7,  1867. 


To  the  list  of  known  Binaries  must  be  added: — 114  Arietia,  932  2 Geminorum, 
^  UrssB  Majorin,  and  191  Virginis. 

From  that  list  must  be  removed  :— 5  Oeminorum  and  1 263  2  Lyncis. 

A.  B. 
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A. 

AherrtUion  (ab  from,  errare  to  wander). 

See  p.  343. 
Aehemar,  a  star  otherwise  called  aEri- 

dani. 
Aehronical    (a    not,    XP^^^^  time).     A 

heavenly  body  is  said  to  rise  or  set 

achronically  when  it  rises  or  sets   at 

sunset. 
Adara^  a  star  otherwise  called  c  Canis 

Majoris. 
AUroliU  (&4p  the  air,  \l9o%  a  stone).    See 

P-  745- 
Albedo  of    a  planet:    "the  proportion 

difiiisedly  reflected  by  an  element  of 

snrfEbce  of  the  solar  light  incident  on 

such  element."    {Month,  Not,  R.A.Sn 

vol.  xz.  p.  103  ;  xzi.  p.  toS.) 

AibireOf  a  star  otherwise  called  j3  Cygni. 

Alcyone,  a  star  in  the  Pleiades,  otherwise 
called  71  Tauri. 

AlddKiran,  a  star  otherwise  called  a  Tauri. 

Alderamin,  a  star  otherwise  called 
a  Cephei. 

Algeiba,  a  star  otherwise  called  7*  Leonis. 

Algenibt  a  star  otherwise  called  y  Pe- 
gasi. 

Algolf  a  well-known  variable  star,  other- 
wise called  j3  Persei.     See  p.  487. 

Algorabf  a  star  otherwise  called  a  Corvi, 
or  Alch^. 

Alhma,  a  star  otherwise  called  7  Gemi- 
norum. 

Alidad ;  the  cross-bar  carrying  the  ver- 
niers of  a  graduated  circle.  The  word 
is  not  often  met  with. 

Alioiht  a  star  otherwise  called  c  Ursss 
Majoris. 

Alkaid,  a  star  otherwise  called  i;  Ursie 
Majoris. 

Almaac,  a  star  otherwise  called  7  Andro- 
mediB. 

Alnilam,  a  star  otherwise  called  c  Orionis. 

Alphard,  a  star  otherwise  called  a  Hydne. 

A^heraiz,  a  star  otherwise  called  a  Andro- 
medsB. 

AlpMrk,  a  star  otherwise  called  j3  Cephei. 

Msikain,  a  star  otherwise  called  j3  Aquilot. 


Aliair,  a  star  otherwise  called  a  Aquils. 

Altazimuth  Instrument.    See  p.  677. 

Altitude  {altitudo,  height)  ;  the  an^nilftr 
elevation  of  a  heavenly  body  above 
the  horiaon  measured  towards  the 
zenith  on  any  great  circle. 

Alwaid,  a  star  otherwise  called  /3  Dra- 
conis. 

Amplitude  (amplitudOf  largeness)  ;  the 
angular  distance  of  a  heavenly  body 
from  the  east  or  west  point  of  the 
horizon,  measured  on  the  horizon. 

Angle  {angtUus,  a  comer)  ;  the  inclination 
of  two  straight  lines  to  each  other  in 
the  same  plane  gives  rise  to  a  plane 
rectilineal  angle,  or  simply  an  angle. 
When  a  straight  line,  standing  on 
another  straight  line,  makes  the  ad* 
jaoent  angles  equal  to  each  other, 
each  of  those  angles  is  called  a  right 
angle ;  but  if  the  adjacent  angles  are 
not  equal  to  each  other,  then  the 
greater  is  called  an  obtuse  and  the 
lesser  an  acute  angle. 

Angle  of  eccentricity.    See  p.  31 . 

Angle  of  position  (chiefly  used  with  re- 
ference to  double  stars).  This  is  the 
angle  formed  by  a  line  joining  two  stars 
with  the  meridian  line  which  passes 
through  the  larger  one.  It  is  reckoned 
firom  o*"  to  360^  from  the  north  point 
of  the  field  of  the  telescope,  by 
east,  south,  and  west,  round  to  noru 
again. 

Angle  of  situation ;  a  term  introduced  by 
Sir  J.  Herschel  to  indicate  the  angle 
formed  at  any  stur  by  arcs  passing 
through  the  zenith  and  the  Pole  re- 
spectively. This  angle,  sometimes 
called  the  parallactic  angle,  was  for- 
merly known  as  the  *  angle  of  position,' 
but  it  has  been  thought  best  to  limit 
this  term  as  above. 

Angular  velocity  of  any  heavenly  body 
is  the  rate  of  increase  or  decrease 
of  the  angle  contained  between  the 
radius  vector  of  the  body  and  a  fixed 
straight  line. 

Annual  equation*    See  p.  72. 
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Amnuud  VariatUm  in  tlie  right  Maeniioa 
or  declination  of  a  star  is  the  change 
produced  in  either  element  by  the 
combined  effects  of  preoevion  of  the 
equinoxes  and  proper  motion. 

AnfMdar  (amitt/iM,  a  ring) ;  a  term  applied 
to  a  certain  kind  of  solar  eclipse,  be- 
cause the  appearance  presented  is  a 
ring  of  light.     See  P*  >  ^• 

AnomalUAie  Period,  The  time  of  revolu- 
tion of  a  planet  in  reference  to  its  line 
of  apsides  (q.  ▼.)  In  the  case  of  the 
Earth,  the  period  is  called  the  anonud' 
i»tic  year.     See  p.  424. 

Anomaly  («  not.  and  6iuLK6t  evenX  ee- 
centric.  **  An  auxiliary  angle  employed 
to  abridge  the  calculations  connected 
with  the  motion  of  a  planet  or  comet 
in  an  elliptic  orbit.  If  a  circle  be 
drawn,  having  its  centre  coincident 
with  that  of  the  ellipse,  and  a  diameter 
equal  to  the  transverse  [major]  axis  of 
the  latter,  and  if  frcMn  this  axis  a  per- 
pendicular be  drawn  through  the  true 
place  of  the  body  in  the  ellipse  to  meet 
the  circumference  of  the  circle,  then 
the  eccentric  anomaly  will  be  the  angle 
formed  bv  a  line  drawn  from  the  point 
where  the  perpendicular  meets  the 
circle,  to  the  centre,  with  the  longer 
diameter  of  the  ellipse.** — Bind. 

Anomaly,  mean.  The  angular  distance  of 
a  planet  or  comet  from  the  perihelion 
or  aphelion,  supposing  it  to  have  moved 
with  its  mean  velocity. 

Anomaly,  trve.  The  true  angular  dis- 
tance of  a  comet  or  planet  from  peri- 
helion or  aphelion. 

Ansct  (an»a,  a  handle) ;  a  term  applied 
to  those  oppoflite  extremities  of  the 
ring  of  Saturn  which,  viewed  foreshort- 
ened from  the  Earth,  appear  as  projec- 
tions or  handles  to  the  ball. 

Antareg  (i.yri  opposed  to,  "Apus  Mars,  i.  e. 
rivalling  Mars),  a  red  star,  otherwise 
called  a  Scorpii. 

Aphelion  {&irh  from,  ffXtof  the  Sun)  ;  that 
point  in  the  orbit  of  a  planet  or  comet 
farthest  from  the  Sun.     See  p.  34. 

Apogee  (Airi  from,  7^  the  Earth)  ;  the  cor- 
relative of  the  preceding,  applied  in 
three  general  senses,  ( 1 )  to  that  point 
of  the  Moon*s  orbit  farthest  from  the 
Earth  ;  (2)  to  that  point  of  the  Earth's 
orbit  farthest  from  the  Sun ;  and  (3)  to 
that  point  of  any  planetary  or  cometary 
orbit  fiirthest  from,  the  Earth. 

Apparent  {ad  to,  and  parere  to  appear) ; 
employed  astronomically  as  the  oppo- 
site to  true  or  real.  Thus,  the  appa- 
rent sunset  differs  from  the  real  sun- 
Bet  in  consequence  of  the  effect  of 
refraction.  The  apparent  equinox  dif- 
fers from  the  real  equinox  in  conse- 


quence of  the  effect  of  nataiiofi.  The 
apparent  position  of  a  star  differs  from 
the  real  position  in  consequence  of  the 
effect  of  refraction,  aberratioo,  nuta- 
tion, &c. 

Apeit  (enf if,  a  curve)  ;  applied  to  the  op- 
posite extremities  of  a  planetary  or 
cometary  orbit,  which  are  also  its  peri- 
helion and  aph^ion  pnintsw  So  the  , 
line  of  ApMe*  is  the  Ime  joining  these 
two  points,  which  is  also  the  major-axis 
of  the  ellipse. 

ArdwTHB^  a  star  otherwise  called  a  Bootis. 

Argument  {argvtmeadnmj  a  thing  taken 
ror  granted)  is  a  term  used  to  denote 
nskj  mathematical  quanti^  by  which 
another  may  be  found. 

Ariee,  Jir$t  point  of;  the  origin  or  station 
fr^)m  which  are  reckoned  right  ascen- 
sions on  the  equator  and  longitudes  on 
the  ecliptic. 

i4me6,  a  star  otherwise  called  a  Leporis. 

AMcenMion^  oblique.  The  oblique  ascension 
is  the  arc  of  the  equator  between  the 
first  point  of  Aries  and  the  point  of 
the  equator  which  rises  with  a  heavenly 
body,  reckoned  forwards  according  to 
the  order  of  the  signs. 

Afcension,  right.  The  right  ascension  of 
a  heavenly  body  is  its  distance  from 
^  the  first  point  of  Aries  reckoned  on  the 
equator.  It  is  so  called  because  in  a 
right  sphere  the  meridian  passing 
through  the  object  will  coincide  with 
the  horizon  when  the  object  is  rising 
or  setting. 

Ascensional  Differenct  is  the  difference 
between  the  right  and  oblique  ascen- 
sions. 

AstnAogy  {a(rH\p  a  star,  and  Xiryos  a 
word) ;  identical  with  astronomy  in 
grammatical  meaning,  but  convention- 
ally applied  to  the  science  (or  delmdon) 
of  fortune-telling  by  aid  of  the  stars. 

Astromelry  (aorttp  a  star,  and  nirpnw  a 
measure)  ;  conventionally  applied  to 
the  measurement  of  the  apparent  mag- 
nitudes of  stars.  Ph(^ometry  (q.  v.)  is 
U8ed  in  a  similar  sense. 

Attronomy  {eurHip  a  star,  and  pSfios  a  law) ; 
the  science  of  the  laws  of  stars. 

Augmentation  of  the  Moons  semi-diameter 
is  the  increase  due  to  the  distance  of 
the  Moon  from  the  observer  being  less 
than  its  distance  from  the  centre  of  the 
Earth,  to  which  calculations  are  re- 
ferred. 

Axis  {i^vp  an  axle) ;  an  imaginary  line 
joining  the  north  and  south  poles  of  a 
planet,  and  upon  which  it  is  assumed 
to  revolve. 

Azimuth  {(tamatha  to  go  towards,  Arabic) ; 
the  anj^'ular  distance  of  nn  object  from 
the  north  or  south  points  of  the  hori- 


VocabvJary  of  Definitions^  <&d. 


79T 


ton,  or  the  angle  formed  with  the 
meridian  by  «  gretkt  circle  paasing 
through  the  zeniti^  and  the  object. 

B. 

BdlatriXj  a  star  otherwise  called  y  On- 
onis. 

BfUlgeuze,  a  star  otherwise  called  a  Ori* 
onis. 

Binary  Qtinarius,  adj.  twofold) ;  two 
stars  revolving  round  each  otlier  are 
said  to  form  a  binary  system.  Two 
stars  not  so  revolving  are  simply  said 
to  form  a  **  double." 

C. 

Caimdar,  or  kalendar  (kalmdcB,  the  fint 
day  of  every  month),  is  the  name  ap- 
plied to  the  tabular  statement  of  a 
system  of  reckoning  time. 

CanopuSf  a  star  otherwise  called  a  Aretis. 

CapeUa,Ait9r  otherwise  caUed  a  Aunge. 

Ccutofy  a  remarkable  binary  star,  other- 
wise caUed  «  Greminorum. 

Celbalrai,  a  star  otherwise  called  fi  Ophi- 
uchi. 

Chaph,  a  star  otherwise  called  j3  Cassio- 
pels. 

CircUt  Mural,   See  p.  678. 

Circle^  TranaU,    See  p.  650. 

dreumpolar  {eircum  around,  and  Polu$) ; 
the  two  r^ons  of  the  heavens  lying 
near  the  north  and  south  poles  respec- 
tively. The  word  is  also  used  to  refer 
to  thoee  portions  of  the  sky  which  at 
the  place  of  observation  are  always 
above  the  horizon. 

Co4atUude,  the  complement  of  the  lati- 
tude or  what  it  ¥^nts  of  qo**. 

CoUitnalum,  line  of  {cum  with,  and  limei  a 
limit) ;  the  optical  axis  of  a  telescope. 

ColmrtM  {KoXoUt,  I  cut  in  the  middle)  are 
two  great  droles  passing  through  the 
poles  of  the  heavens  at  right  angles  to 
each  other.  The  equinoctial  colure 
passes  through  the  poles  and  equinox 
and  corresponds  to  the  hour  cireles  of 
o^  and  111'  of  R.  A.,  im^  the  solstitial 
colure  passes  through  the  poles  and 
solstices  and  corresponds  to  the  hour 
circles  of  6i»  and  i8*>ofB.A. 

Comet  {KOfAirnis,  hairy).    See  p.  360. 

ComeUlgrapky  {cornet^  and  ypd/^  I  de- 
scribe) ;  that  branch  of  astronomy  which 
treats  specially  of  comets. 

Comprettum  of  the  poles  {cum  together, 
and  premere  to  squeeze);  the  amount 
of  the  flattening  of  the  polar  regions 
of  a  planet  whereby  the  polar  diameter 
becomes  less  than  the  equatoriaL 

Conjunction  {cum  together,  and^'tm^erf  to 
Join) ;  two  or  more  heavenly  bodies  are 
said  to  be  in  conjunction  when  they 


have  the  same  longitude  or  right 
ascension.     See  p.  450. 

Constant  {cum  together,  and  stare  to 
stand) ;  a  nimierical  quantity  always 
of  the  same  value  in  a  mathematical 
computation  or  in  an  astronomical 
reduction  is  called  a  constant.  Thus 
the  ratio  of  the  circumference  of  a 
circle  to  its  diameter  is  eonUanily 
3*1416  : 1,  so,  knowing  the  diameter, 
we  can  always  determine  the  oiroum- 
ference. 

ComtdUUion  {cum  together,  and  etella  a 
star) ;  a  group  of  stars  whose  outline  is 
conceived  to  represent  in  the  imagi- 
nation some  mundane  object.  See 
p.  464. 

Cor  Caroli,  a  star  otherwise  called 
a  Canum  Venaticorum. 

Cor  Hydros,  a  star  otherwise  called 
a  HydrsB. 

Cor  Leonu,  a  star  otherwise  called  Be- 
gulus  or  aLeonis. 

Cor  SerpewtiSf  a  star  otherwise  called 
Unukalhay  or  a  Serpentis. 

Comtical  {Kdotws  the  world).  A  heavenly 
body  is  said  to  rise  or  set  cosmically 
when  it  rises  or  sets  at  sunrise. 

Culmination  {culmen  the  top)  ;  the  meri- 
dian passage  of  a  heavenly  body,  which 
is  then  at  Uie  top  of  its  course. 

Curaa,  a  star  otherwise  called  iSEridani. 

CurtaU  distance  {curtate  to  shorten)  is 
the  distance  of  a  planet  or  comet  firom 
the  Sun  or  Earth  projected  upon  the 
plane  of  the  ecliptic. 

Cusp  {cuspis  a  sharp  point) ;  the  extremi- 
ties of  a  crescent  moon  or  inferior 
planet. 

D. 

DedineUkm,  the  angular  distance  of  a 
heavenly  body  from  the  equator — sym- 
bol, S.  According  as  the  declination  is 
nurth  or  south,  it  is  +  8  or  ~  8. 

Degru  {degredior  to  go  down;  from  de 
down,  and  gradus  a  step).  Hie  ciroie  is 
conventionally  divided  into  360  equal 
parts,  each  of  which  is  called  a  degree. 

Denebt  a  star  otherwise  called  a  Cygni. 

Den^bola,  a  star  otherwise  called  ^9  Leonis, 

Diameter  {9id  through,  and  fjJrpo^  a  mea- 
sure) ;  Uie  breadUi  of  anything. 

JHckotomy  (Si'xa  in  two,  and  tiium  I  cut) ; 
a  bisection.  Applied  to  an  inferior 
planet  or  the  moon,  it  means  the  mo- 
ment of  quarter  phase  when  the  phase 
is  a  perfect  semi-cirole. 

Dubh€,  a  star  otherwLte  called  a  Urns 
Majoris. 

E. 

Eccentricity  (ex  from,  and  centrum  acentie) ; 
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4*^- '/  f>>r>Tfcf I'-nrji.  p 

E^fWMifjr    f.'/m.mM    *:f\ZA^     «ll|SJkJj 

yrA^M^kX^jti  'A  th«  «<f^au«r  ^  the 
<ar*JL  Add  A  circuit  frtq^esUj  relerr«ti 

tlM:  two  piryifiU  vkere  tLe  tcJiptic 
inUmoclA  U«e  ec|tzjUor.  to  cailed  be- 
caQ*«  <>fk  Uke  Soii'i  airtral  at  either 
«>f  Umai  the  ^j  u  «tf)TiAl  to  the  night 
thruvghout  the  world.     See  p.  237. 
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3.^:>  t^<e  sr^rtsv^ra  aai  fcwtWrm  half- 
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ffm^iU  h  rtaee  »  that  czicle  «f  the 

.it»  c«r  view,  aad 
the  Earth  at  the 

pcaot  0/  the  chaerrer,  aDd  it  at  right 
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the  disappearance  of  an  object  before 
undergoing  occultation. 

Inclination  (incZtiaarf,  to  bend  down,  to 
Blope);  one  of  the  elements  of  the  orbit 
of  a  planet  or  comet — ^namely,  the 
angle  which  the  plane  of  the  orbit 
makes  with  the  plane  of  the  ecliptic. 

Ineqtudities  (in  not,  and  cequtu  equal); 
conventionally  applied  to  irregularities 
in  the  motions  of  planets. 

Izar,  a  star  otherwise  called  c  Bootis. 

J. 

Jovieentric  (Jupiter,  gen  Jovis,  and  irc y- 
rpoif  a  centre) ;  as  viewed  from,  or  hav- 
ing relation  to,  the  centre  of  Jupiter. 

K. 

KauB  AuHralist  a  star  otherwise  caUed 

f  Sagittarii. 
Kocab,  a  star  otherwise  called  j3  Urse 

Minoris. 
KomeforoB,  a  star  otherwise  called  j3  Her- 

culis. 

L. 

LcUUitde  {IcUitudOt  breadth) ;  the  angular 
distance  of  a  heavenly  body  from  the 
ecliptic,  north  or  south  as  the  case 
may  be. 

lAbraUon  {Ubrant,  swinging) ;  an  (appa- 
rent) oscillatory  motion  of  the  Moon. 
See  p.  71. 

LanffUude  {JUmgUudo,  length);  the  angular 
distance  of  a  heavenly  body  from  the 
first  point  of  Aries  measured  in  the 
ecliptic*. 

LongitudCj  mean;  the  longitude  of  a 
planet  or  comet,  supposing  it  to  have 
moved  with  its  mean  (average)  velocity. 

LonffUude,  true;  the  real  angular  distance 
of  a  planet  or  comet  from  the  firrt 
point  of  Aries. 

Lumiire  cendrie  (French,  ash-coloured 
light).     See  p.  79. 

Lunar  (luna^  the  Moon);  having  reference 
to  the  Moon. 

Lunation  {lunatiOt  a  change  in  the  Moon); 
the  period  of  the  Moon's  revolution 
round  the  Earth,  in  which  it  goes 
through  all  its  phases,  otherwise  cfdled 
its  synodic  penod. 

M. 

Major  ams  of  an  orbit  of  a  planet  or 

comet.     See  p.  34. 
Markab,  a  star  otherwise  called  a  Pegasi. 
Mau  of  a  planet  or  comet  is  the  quantity 

*  All  our  definitions  have  referenoe 
primarily  to  re$  attronomica  ;  so  it  may 
be  well  to  notify  to  the  reader  that  some 
expressions  (of  which  longitude  is  one) 
have  a  different  signification  in  the  vocar 
bulary  of  geogra|men. 


of  matter  contained  in  it:  and  is 
expressed  either  absolutely,  as  that  of 
which  the  weight  is  so  many  tons ;  or 
relatively,  as  such  and  such  a  fraction 
of  the  mass  of  the  Sun,  or  some  planet. 

Mean  distance  of  a  planet  or  comet  from 
the  Sun  is  the  mean  of  the  extremes 
of  the  perihelion  and  aphelion  dis- 
tances ;  it  is  equal  to  half  the  longer 
axis  of  the  elUpee,  whence  it  is  fre* 
quently  termed  the  aemi-axie  major. 

Mdbsuta,  a  star  otherwise  caUed  c  Gemi* 
norum. 

MenkaUnan,  a  star  otherwise  called 
/3  Aurigse. 

Menkar,  a  star  otherwise  called  a  Ceti. 

Meridian  {MeridieSt  mid-day);  the  great 
circle  of  the  heavens  passing  through 
the  zenith  and  the  poles. 

Micrometer  {fw(p6s  small,  tuirpov  a  mea- 
sure); an  instrument  for  measuring 
small  distances.     See  p.  621. 

Minor  cum  of  an  orbit  of  a  planet  or 
comet.     See  p.  34. 

Mintaka^  a  star  otherwise  called  8  Orionis. 

Mira  (mirus,  wonderful),  a  star  others 
wise  called  0  Ceti.     See  p.  485. 

Mirach^  a  star  otherwise  called  fi  Andro- 
medse. 

Mir/akf  a  star  otherwise  called  a  Perwi. 

Mirzam,  a  star  otherwise  called  fi  Canis 
Majoris. 

Mizar,  a  star  otherwise  called  ( Ursss 
Majoris. 

Moon-culminating  Stan  are  certain  stars 
which,  being  situated  near  the  Moon, 
at  aoy  particular  time  are  suitable 
points  from  which  the  angular  distance 
of  our  satellite  may  be  measured  for 
the  determination  of  the  longitude  of 
the  place  of  observation. 

Motion,  direct,  A  body  is  said  to  have  a 
direct  motion  when  it  advances  in  the 
ori'?r  of  the  signs,  or  when  its  longi- 
tude continually  increatos. 

Motion,  retrograde.  A  body  is  said  to  have 
a  retrograde  motion  when  it  advances 
contrary  to  the  order  of  the  signs,  or 
when  its  longitude  continually  dimin- 
ishes. 

N. 

Nadir  {natara,  to  correspond);  the  point 
immediately  beneath  an  observer,  and 
therefore  exactiy  opposite  the  zenith. 

Nath,  a  star  otherwise  called  fi  Tauri. 

NthvUa  {nebula,  a  fog).     See  p.  496. 

Nikkar,  a  star  otherwise  called  /3  Bootis. 

Nodee  {nodue,  a  knot)  are  those  points  in 
the  orbit  of  a  planet  or  a  comet  where 
it  intersects  the  ecliptic.  The  a»oemd- 
ing  node  (S)  is  the  point  wher«  the 
orbit  passes  firom  the  south  to  the  north 
fide  of  the  ecliptic;  the  de$eemding 
node  (8)  is  tlie  opposite  point,  where 
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%xrifjr.^j  h^%xd  a  MCrrjaony.     Sec 

Pmr^Jjju^    Er{mnS//nal   ltr.riymLii.\,    -.i,   isjt 

"^ftzi^'^.jtzzja^it  &£  t£<e  dcB  or  at 

P^vnWtU  «4  Dtdimaium    crjipuMXjt  V>  Pa- 
rallax, ifi  iLk!:  yitea  </  r>«*  «r  rtTata 
ar»;    %r::a.i   czrciea    paraLiei  to  like   ce- 
b?«Uai  cr^oato'. 

PtmmvJ/ra     /<ae   alnjost,  ai>l 
tihadr/v  ;  tlw:  p^ie  ftfaa^it  vkich 
patMfcftn  tisie  dark  «hadr>v  of  the  Earth  ia 
arj  *9cli|^w(;  r^  the  Mo*jn. 

Ptrifjtt  {vpi  near,  y^   the  Earth);    the 

PerOuli//m  iT*pi  Dear,  aad  1|Aj«f  the  Son); 

tiM;  c/AiTcrrbe  c^  apkdum  (q.  r.) 
Perikjtliun.  dutamc€  ;  the  least  distaooe  of  a 

plaoet  or  cocDet  from  the  San,  umallj 

crxprcaiied    in    fenii-iiiameters    of    the 

Earth's  orbit.     Hjmbol,  9. 


i^  II I  m*\m    if 

sc     r:    ":«!f.ps     »    a  **:' 

sxtrcjca    :if  Sbe  «i^r3i:x«^  dne  to  the 

$**  -  -jr 

Pnmt  T^rr^'vi ,   ti*  Cne^ 
iZLric^  title  seajti^  aai  the 
tmr,  pccxt*  :^  the  ^.r^«L 

P^.»^t:*.  a  fcar  cc^Rrviese  called  a  Giftk 


<^«*inr»r  .rMiinamj.  a  focrth  pariX 
pATtk-s^arir  the  f -.^irth  part  of  a  cxrde. 
Ac  instrsaaect  no 
X£K«i  ZB  aii«r:- 
bct  it  baa  tueytxi  acperwded  in  the  ooe 
caee  t  T  :he  traaiit  cxm&e,  aod  in  t^ 
other  br  the  sextant. 


lUidims  Ttet*3r  (IhenHj  a  radios  carrier) ; 
an  ima^inarr  line  joining  the  San  and 
the  centre  rf  a  planet  or  comet  in  anj 
part  of  iu  orhiu  It  u  therefore  a 
meaRtre  of  the  real  dwtaifcfv  of  the 
latter  from  the  former. 

RamlagmCt  a  star  othervise  caQed  aOphi- 
odfcL 
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Ratalgftiy  a  star  otherwise  called  a  Her- 
culis. 

Refraction  (re/rangerey  to  bend);  a  change 
of  direction  in  rays  of  light  caused  by 
the  varying  density  of  the  medium 
through  which  the   rays  pass.      See 

p.  350- 
Regulus,  a  star  otherwise  called  a  or  Cor 

Leonis. 
Rigelf  a  star  otherwise  called  /3  Ononis. 

S. 

Sadalmelilc,  a  star  otherwise  called  a  A- 
quarii. 

SadaUund,  a  star  otherwise  called  j3  A- 
quarii. 

Satellite  (satelleSt  a  companion)  ;  the 
orthodox  name  for  what  are  often 
called  moons  and  secondary  planets ; 
namely,  the  little  bodies  which  re- 
volve round  certain  of  the  major 
planets. 

Satumieentrie  (Saturn,  and  ie4mpoy  a 
centre) ;  as  viewed  from,  or  having  re- 
lation  to,  the  centre  of  Saturn. 

Scheatt  a  star  otherwise  called  /3  Pe- 
gasi. 

Schtdatt  a  star  otherwise  called  a  Cassio- 
peiaE;. 

SctfUillation  (scintilla,  a  spark)  ;  a  fas- 
tidious word  applied  to  what  every- 
body knows  as  the  twinkling  of  the 
stars. 

Secondary  Planet.    See  Satellite. 

Secular  {Bectdum,  an  age) ;  a  term  usually 
applied  to  some  inequality,  the  period 
of  which  depends  on  very  small  varia- 
tions in  the  elements  of  the  orbit. 

Secunda  Giedi,  a  star  otherwise  called 
a*  Capricomi. 

SeUnocentric  ((ffA^n;  the  Moon,  and 
Ktyrpop  a  centre) ;  as  viewed  from,  or 
having  relation  to  the  centare  of,  the 
Moon. 

Selenography  {ffiX'fiyv  the  Moon,  and7p<£^ 
I  describe),  the  branch  of  astronomy 
which  treats  specially  of  the  Moon. 

Semi-diurnal  arc  is  the  half  of  the  arc 
described  by  any  heavenly  body  be- 
tween its  rising  and  setting. 

Sextant  (textans,  a  sixth  part)  ;  a  well- 
known  nautical  instrument,  so-called 
because  its  arc  is  the  sixth  part  of  a 
circle.     See  p.  664. 

Sheliahy  a  star  otherwise  called  /3  Lyrse. 

Sheratan,  a  star  otherwise  called  i9  Arietis. 

Sidereal  {»idu9,  a  constellation) ;  having 
relation  to  the  stars. 

Sirius,  a  star  otherwise  called  a  Canis 
Majoris ;  the  brightest  star  in  the 
heavens.  Anciently  and  often  called 
the  Dog-star. 


Solar  {sol,  the  Sun)  ;  having  relation  to 
the  Sun. 

Solstices  (sol  the  Sun,  and  starc  to  stand 
still)  are  the  two  periods  when  the 
Sun  reaches  the  northernmost  and 
southernmost  points  of  the  ecliptic, 
so  called  because  for  a  few  days  its 
latitude  does  not  seem  to  vary.  The 
former  is  called  the  summer  and  the 
latter  the  winter  solstice  by  the  in- 
habitants of  our  hemisphere. 

SoUtitial  colure;  the  colure  (q.v.)  pass- 
ing through  the  two  solstitial  points 
whose  longitudes  are  90°  and  270^ 
respectively. 

Soihiac  Period;  a  period  of  1460  years,  at 
the  completion  of  which,  in  conse- 
quence of  the  Egyptian  year  being 
taken  at  3^5  days  exactly,  the  days  of 
the  month  return  to  the  same  seasons 
of  the  year. 

Spicckj  a  star  otherwise  ealled  a  Virginis. 

Aationary  points  of  a  planet's  orbit  are 
those  points  at  which  the  planet  ap- 
pears to  us  to  have  no  motion  amongst 
the  stars. 

SulapJicUf  a  star  otherwise  called  7  Lyrs. 

Symbols  {(j^ipfioXov,  a  token)  arc  signs 
constantly  used  by  all  scientific  men 
as  abbroviations  in  writing,  to  save  the 
constant  repetition  of  the  same  words 
and  phrases.  I  hero  give  the  as- 
tronomical and  some  of  the  chief 
mathematical  ones : — 

Signs  of  the  Zodiac. 


Aries     . . 

..     T 

Taurus  .. 

..      b 

Gemini  . . 

..    n 

Cancer  .. 

..    ffi 

Leo 

..     ft 

Virgo     .. 

..    irp 

Libra     . . 

j\. 

Scorpio  . . 

'.'.      TTl 

Sagittarius 

..       t 

Ci4>ricomuB 

..    Yf 

Aquarius 

•  •             WW 

Pisces    .. 

..     H 

The  first,  X  $  indicates  the  horns  of  the 
Ram ;  the  second,  ^  >  ^^^  hesA  and 
horns  of  the  BulL  The  barb  attached 
to  a  sort  of  letter  m  designates  the 
Scorpion  ;  the  arrow,  ^ ,  sufiSciently 
points  to  Sagittarius ;  yf  is  formed 
from  the  Greek  letters  rp,  the  two 
first  letters  of  rpJeyos,  a  goat.  Finally, 
a  balance,  the  flowing  of  water,  and 
two  fishes,  may  be  imagined  in  £1, 
rn: ,  and  )( ,  the  signs  of  Libra,  Aqua- 
rius, and  Pisces*. 


•  Arago. 

3' 
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A  luUDUMT 


PallM 

JllDO 

Verta 

Wb«ii     the    nnmber    of 
amcmoted  to  aboat  20  it 


Tn 

Th*  rfoa  £ 

•  •         -  •         -  •      « 

tm 

t 

Th*  Mooo        i 

Man i 

JafMiter  ..  Z 

Sattini I* 

Unaof ^ 

XenCane  ^^ 

A  C-flMtit  0 

AHar • 

hMbccD  alloCted  to 

The  3fi50B  PLAScn. 

••  ••  ••  ^ 

t 

f 

d 
bofiies 

fooDd 

izofioMible  to  ooBtinae  to  gire  them 

pictotial   «yinboU  ;  aeoordmglj   theae 

ajmboU  have  been  dropped,  except  the 

4  earliest  ooea  :  all  plaoet*  duooTcred 

rabaeqaentlj  bein^  indkated  ft>j  their 

cHtliDarj    number    snrroandad    bj    a 

circle.    Tliiu —  (7)  ••    (^ 

Elkxxsts  or  Orbits  of  FLAsm  axu 

Conrs. 

M     Mean  aoomalv. 

A  or  L    Mean  longitude  at  epoch. 

9    Lonjitude  of  the  perihelion. 

Q   lyjtigitU'Je  of  the  ascending  node. 

I    Inclination  of  orbit. 

p    Angle  of  eccentricity. 

€    Eccentricity  (  =  Nat.  sin.  of  f). 

fi    Direction  and  velocity  of  mean  motion 

in  seconds  of  time. 
a    Semi -ax  lit  major,  or  mean  distance. 
T,  T,  or  PP    Time  of  perihelion  passage. 
q    Distance  from  Sun  when  in  perihelion, 
r    Length  of  radius  vector. 
A     Distance  of   the  planet  or    comet 

from  the  Earth. 

Planetabt  Monoss. 

Q    Ascending  node  of  an  orbit. 

3     Descending  node  of  an  orbit. 

^  Two  planet«  in  conjunction  :  dif- 
ference of  longitude  0°. 

^  Two  planets  in  uxtilt :  differenee  of 
longitude  60°. 

Q  Two  planets  in  quartiU  or  quadra- 
ture: difference  of  longitude  90°. 

£.  Q    Eastern  quadrature. 

W.  D     Western  quadrature. 

A  Two  planets  in  trine :  difierence  of 
longitude  lao*'. 

g  Two  plaueta  in  opposition :  difference 
of  longitude  i8o^ 


BJk.  or  JB.  or 
DccL   or  a 


>.  North; 


X.PD-    3 
k.    Ho«r. 
m.    MiBBieof 
a.    Second  of 


polar 


Minate  of  «ir. 
S^cood  oi  arc 
'^    Third  of  «rr.  [ohaoicte.] 
b£    Xorth-foOowin^. 
s£    Suoth-fbUowing. 
■p.    Suath-preceding. 
np.    North-pt«ceding. 
Po«.    Angle  of  pcwtioa  (of  doable  itarm). 
Dist.    Distaace  of  two  itan  in  aeoooda  of 


LcsAB  Monosa. 

Moon  in  conjim^tMNi,  or  anr. 

Moon  at  fit  era  qnadrature,  or  ,<rsf 

^[warier. 
Moon  in  opposition,  orfiUL 
Moon  at  western  qnadratnre,  or  la-'i 

qiiorttr. 


± 


Z 
> 
< 


Plus  :  sign  of  addrtaoo. 

Minu:s :  #ign  of  subtraction. 

Sign  of  multiplication. 

SiiHi  of  division. 

Plus  or  minu4  :  -  somewhere  about." 

^'j^^l  of  equality. 

Sijuare  TOOL 

Cube  root. 

Angle. 

Greater  than. 

Leas  than. 


Syncdical  {vvw  with,  and  ii^s  a  joumey- 

Syzyt/y  (ffw  with,  and  Cvy6^  a  yoke):  the 
conjunction  and  opposition  of  the 
Moon  are  both  termed  indifferently  a 
syxygy. 


T. 


Ursae 


Talitka,  a  star  otherwise  called 
Majoris. 

Taracacf,  a  star  otherwise  called  7  Aquile. 

Temporary  {tcmpus,  time) ;  lasting  fi>r  a 
short  time  only. 

7%uban,  a  star  otherwise  called  a  Dra- 
con  is. 

Tide  {tidanj  to  happen.  Sax.)  ;  the  pe- 
riodical rising  and  fiUling  of  the  wators 
of  the  Ocean.     See  p.  225. 

Transit  {trans  across,  and  irt  to  go). 

Tropics  {rp4wm,  I  torn). 
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u. 

Ultra-zodtacal  {uUra  beyond,  and  zodiac); 
beyond  the  limits  of  the  zodiac.  A 
term  sometimes  applied  to  the  minor 
planets,  because  their  orbits  (or  at 
least  many  of  them)  reach  beyond  the 
zodiac. 

Umbra  (un^a,  a  shadow);  the  shadow 
of  the  Earth,  Moon,  or  any  other 
planet,  is  in  particuhir  so  called. 

UnvkaUiay,  a  star  otherwise  called  aSer- 
pentis. 

Uranography  (ohpay6f  the  heavens,  and 
ypdj^  I  describe) ;  that  branch  of  as- 
tronomy which  treats  specially  of  the 
heavens. 


V. 

Vtgat  a  star  otherwise  called  a  Lyrae  : 

sometimes  spelt  Wega. 
Via  Lactea,  the  Latin  word  corresponding 

to  the  Greek  *  Galaxy '  and  the  English 

'  Milky  Way.* 


Vindemiatrix,  a  star  otherwise  called 
f  Virginis. 

Volume  {volumen,  bulk)  of  a  planet  or 
comet  is  its  cubical  content,  expressed 
either  absolutely  as  so  many  cubic 
miles,  or  relatively  as  such  and  such 
a  fraction  of  the  Sun  or  some  planet. 

W. 

Wasat,  a  star  otherwise  called  8  Gremi- 
norum. 

Z. 

Zaurac,  a  star  otherwise  called  y  EridanL 

Zavijara,  a  star  otherwise  called  /3  Vir- 
ginis. 

Zodiac  (C<^n},  a  girdle) ;  a  belt  of  the 
heavens  extending  9**  on  either  side  of 
the  ecliptic,  in  which  the  Sun,  Moon, 
all  the  major  and  many  of  the  minor 
planets  perform  their  annual  revolu- 
tions. 

ZotvMkf  a  star  otherwise  called  8  Leonis. 

Zubmdg,  a  star  otherwise  called  a*  Libre. 
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TUtimda 


B»A\Tll.dmbwia 


«»f<mf#.     ft  M 


75. 


659;</tbfr 


616.,  719. 
AdifMCncvt*  of  tbfr 

IBfCnOBCBt,  6«o. 

75'-^ 

Ace  of  tbfr  Moos,  450. 
Aflata,  94. 
Aicmcoe,  96. 
Alex&ijdn.  94. 

Alcol,  4V- 

Almitfttf,  expUnsbon  of.  44S. 

i4/aMMr<   -Vaiarioa'',  220,  705 

Aitazircuth.  677. 

Aicphxtiite.  92.  100. 

Anarrsm  on  Vcmas.  65. 

Andromeda.  55,  55^^  nebola  in,  512. 

Anct-liDa,  94. 

Annoal  equation  of  the  3Ioon.  72. 

Annular  cxiipscrf  of  the  San,  173. 

Annular  nebnljc,  511. 

Anomalistic  jear.  424. 

AntHa  Pnenmatica  557. 

ApbeUon^  30. 

Aphelion  distancef  of  comets,  30.  310. 

Aphides  of  the  Earth*s  orbit,  their  annual 

motion,  67. 
Apua,  557. 

Aquarius,  557 :  duster  in.  509. 
Aquila,  556. 
Ara,  557-^ 

Areas,  equal,  Kepler's  lav  of,  31. 
Argo,  557  :  great  nebula  in,  530. 
Ariadne,  94. 
Ariel,  153. 
Aries,  557. 

Artificial  horizon,  670. 
Ajornding  node :  of  planetary  orbits,  31  ; 

of  oometBy  orbits,  264. 


iMt.4co. 


9^ 


45*- 

Atabntta,  94.  98 


See  Jr<Mr  Pl^wfs.  91 


. .         1« 

7«. 
Auri^  556. 

Aurccs  B:««aKs,  aasd  spots  oa  the  Son.  15, 
16  :  vibratioBS  in  comets*  tails 
bbsx.  26>. 

Aufoxkia.  94. 


nijr"*  beads.  175. 
Barosvcter.  use  U.  in  determininc  refr»p- 

tjt-a.  2  5  2. 


^9^- 
Belcrade.  siece  of.  314. 

Bellona.  92. 

Belts  of  Jupiter,  105  ;  of  Saturn.  122. 

Bestiary.  69. 

Bible  aUusions   to   ccnnets,   conjectured, 

Bible,  reftprences 
Gen.  i. 

i.  «   - 


1-  14      . 

viii.  32 
Exod.  xii.  iS . 
Lev.  xTii.  7    . 

xxiii.  5  . 
Job  ix.  9 

xxxviii.  31-2 
Isaiah  xiv.  12 
Jer.  i.  .  . 
S.  Jude  13  . 
Rev.  xii.  3 
Biela's  comet,  265,  276. 
Bissextile,  435. 


435 


47'- 
47i- 

45^ 

515 

45^ 

470- 

470- 

.^15- 

3.M- 

iU5- 

315. 
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Bode*8  (so-called)  law  of  planetary  dis- 
tances, 36. 

Bootes,  556. 

Bore  (tidal  phenomenon),  235. 

Box-sextant,  675. 

Brorscn*8  comet,  276. 

Burmese  enumeration  of  the  planets, 
152. 

Caela  Sculpt  oris,  557. 
Calendar,  Jewish,  439;  Julian,  425  ;  Gre- 
gorian, 426 ;  Greek,  439 ;  Roman,  440 ; 

French  Revolutionary,  443. 
Calliope,  92. 
Callisto,  III. 
Calorific   rays    of   the    Moon,  existence 

doubtful,  82. 
Calypso,  94. 
Camelopardus,  556. 
Cancer,  557. 
Canes  Venatici,  556. 
Canis  Major,  557. 
Canis  Minor,  557. 
Capricomus,  557. 
Cassegrainian  telescope,  604. 
Cassiopeia,  556. 
Catalogue  of  aerolites,  746 ;  of  calculated 

comets,  317;   of  recorded  comets,  352; 

of  star-clusters   and   nebulae,  560;  of 

variable  stars,  576 ;  of  red  stars,  586 ; 

of  binary  stars,  789. 
Catalogues  of  stars,  list  of,  593. 
Centaurus,  557  ;  cluster  in,  532. 
Cepheus,  556. 
Ceres,  92,  98,  99. 
Cetus,  557. 
Chameeleon,  558. 
Charts  of  the  Moon,  82. 
Circe,  92. 
Circinus,  558. 
Circle,  hour,  637 ;  mural,  678 ;  reflecting, 

679;  repeating,  679. 
Circulus  Lacteus,  550. 
Civil  year,  446,  458. 
Clepsydra,  447. 
Clio,  96. 

Clock- motion  for  equatonals,  637. 
Clusters  of  stars,  496;   observations  of, 

710. 
Clypeus  Sobieskii,  556. 
Clytie,  96. 

Collimator,  Kater's  floating,  680. 
Coloured  stars,  482. 
Columba  Noachi,  558. 
Coma  Berenicis,  556 ;  as  a  group  of  stars, 

501. 
Coma  of  a  comet,  261. 
Comets,  260;   periodic,  270;   hyperbolic, 

284 ;  remarkable,  287 ;  statistics  of,  308 ; 

historical  notices,  312;   catalogues  of, 

3^7)  353 !  names  of  catalogues  of,  599 ; 

observations  of,  710. 
Comet-Seeker,  682. 
Concordia,  94. 


Conjunction  of  the   Moon,  450;  of  the 

planets,  41. 
Constant  of  aberration,  244. 
Constellations,  471 ;  list  of,  551. 
Corona  Australis,  558. 
Corona  Borealis,  556. 
Corona  in  eclipses  of  the  Sun,  1 76. 
Corvus,  558. 

**  Crab  "  nebula  in  Taurus,  526. 
Crater,  558. 
Crux,  558. 
Cybele,  94,  98. 
Cycle,  Calippic,  458;  lunar,  or  metonic, 

459 ;  solar,  460. 
Cygnus,  556. 

Danae,  94. 

Daphne,  94. 

Dawes^s  solar  eye-piece,  620,  707. 

Day,  420,  435 ;  sidered,  420 ;  solar,  420. 

D* Arrest's  comet,  278. 

Declination,  450. 

Declination  axis,  636. 

Delphinus,  556. 

Density  of  the  Sun,  4 ;  of  the  planets,  39. 

See  also  the  several  planets. 
Diagonal  eye-piece,  620,  707. 
Diameter  of  Sun  and  planets,  39.  See  also 

the  several  planets. 
Diana,  96. 

Digit,  explanation  of,  167. 
Dione,  143,  144,  145. 
Dip  of  the  horizon,  667. 
Dip- Sector,  679. 
Distances,  polar,  450 ;  of  Sun  and  planets, 

38. 

Diurnal  inequahty  of  the  tides,  328. 

Di  Vico's  comet,  275. 

Dominical  Letter,  456. 

Donati's  great  comet,  297. 

Dorado,  558 ;  nebula  in,  530. 

Doris,  94. 

Double  stars,  477 ;  names  of  catalogues  of, 

598;  observation  of,  710. 
Draco,  556. 
Draconic  period,  166. 
"  Dumb-bell"  nebula  in  Vulpecula,  535. 
Dynameter,  619. 

Earth,  3,  64. 

Earth-shine,  79. 

Easter,  452  ;  rules  for  determining  it,  453. 

Ecclesiastical  Calendar,  451. 

Echo,  94. 

Eclipses,  general  outlines,  163 ;  of  the 
Sun,  171 ;  of  July  1851, 183 ;  of  March 
1858,  188;  of  July  i860,  188;  histori- 
cal  notices,  198;  suggestions  for  ob- 
serving, 208  ;  of  the  Moon,  203; 
of  Jupiter's  satellites,  112;  hittorial 
notices,  207. 

Ecliptic,  obliquity  of,  65;   variation  in, 

337- 
Egeria,  92. 
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Eg3rptwii,  mndnit,  456. 

Slnneots  of  a  pUnciary  orbit,  34 ;  generBl 
sommane*  and  tablet  of,  35  flf  m^.  ;  of 
a  cametarj  orint,  264;  feocral  tablet 
0C317. 

Ellipse,  34. 

Elliptic  nebolK,  511. 

Elongation  of  planeta,  51. 

Enorladns,  143, 144, 145. 

End(e*t  comet,  271. 

Ensitbcim  aerolite,  748. 

Equation,  annual  of  the  Moon,  73  ;  of 
time,  421. 

Eqnatotial  instmment,  634  ;  adjvitmcnts 
of,  639. 

Equinoiea,  65  ;  prvceasion  of,  237. 

Eqaoleos,  556. 

Erato.  94. 

Eridanns,  558. 

EtfablishiDent  of  the  port,  228,  45a 

Eogeaia,  94. 

Eanomia,92. 

Eaphrofrne,  92. 

Earnpa  (minor  planet),  94,  98 ;  (lateUite 
of  JnpHert,  iii. 

Earydice,  96. 

Emynome,  96. 

Eotcrpe,  92. 

Erection  of  the  Moon,  73. 

ETcresf  t  theodolite,  678. 

Eje-glaas,  613. 

Eye-pieces,  617;  Kellner^t,  619;  dia- 
gonal, 620,  707  ;  powers  of  for  diffemt 
apertures,    701;    Dawes's    solar,    620, 


Gmham  College,  Hooke't 

ration,  245. 
Grus,  558. 


plaoe  01  ooMT' 


;o; . 


FaralK,  solar,  21. 

Fare's  comet,  280. 

Feronia,  96. 

Fides,  94,  99. 

••  Finder"  of  a  telescope,  629. 

Fipebalis,  753. 

Flames,  red,  1 78.    See  Rcdjlama. 

Flora,  92,  98,  loi. 

Focus  oi  an  ellipse,  34. 

Fornax  Chemica,  558. 

Fortuna,  92. 

Freia,  96. 

Galatea,  96. 

Galaxy,  545.     See  Milky  Way. 

Galilean  t<;lescope,  616. 

Ganymede,  iii. 

Gemini,  557. 

Geminorum  H,  149. 

Geor^^um     Sidus,     name     proposed     for 

Uranus,  150. 
"  Girdle  of  the  sky,"  69. 
Gnomons,  425. 
Golden  Number,  453,  459. 
Granules,  solar,  25. 
Greek  year,  439. 
Gregorian  Calendar,  430 ;  telescope,  604. 


Hadler*f  sextant,  664. 

Ilalley's  comet,  281. 

Ilarmonia,  94. 

Harvest  Moon,  79. 

Hebe,  92. 

Heliometcr,  680. 

Hercules,  556. 

Henchelian  telescope,  607. 

Hespena,94. 

Ilestia,  94. 

Hiodb  celebration  of  an  edipae,  172. 

History  of  Astronomy,  sketch  of^  721. 

Horizon,  247. 

—  artifirial,  670. 

Horixontal  parallax,  247. 

Horologium,  558. 

**  Horse-shoe  '*  nebula,  532. 

Hour-ctrde,  637. 

Hours,  432. 

Hyades,  m  Tanrvs,  501, 

Hydra,  558. 

Hydras,  558. 

Hygeia,92. 

Hygre  (tidal  phenomenon),  235. 

Hyperbola,  properties  o^  363. 

Hyperbolic  comets,  284. 

Hyperion,  143,  145. 

lapetus,  143,  145, 147. 

lUuminatiun  of  wires,  621,  637. 

Inclination  of  the  ediptic,  237. 

Indus,  s:S. 

inequality,  parallactic,  of  the  Moon,  72  ; 
diurnal,  of  the  tides,  229: 

Instruments,  astronomical,  603.  See  the 
several  instruments. 

lo  (minor  planet),  96 ;  (satellite  of  Ju- 
piter), III. 

Irene.  92,  100. 

Iris,  92. 

Iron,  meteoric,  745. 

Isis,  94. 


Jacob's  ladder.  550. 
Jewish  yt*ar,  439. 
Julian  Calendar,  425. 
Juno,  92,  98. 
Jupiter,  102,  709. 

Kater's  mercurial  clepsydra,  448  ; 

collimators,  680. 
Kellner  s  eye-piece,  619. 
Kepler's  laws,  31 ;  the  Ilird,  49. 

Lacerta,  556. 

**  Ladye's  way/*  69. 

Laetitia,  94. 

Lagging  of  the  tides,  228. 

Larissa,  eclipse  of,  199. 

Latitude,  to  find,  671. 
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Ledm,  94. 

Leo,  557. 

Leo  Minor,  556. 

Lepus,  558. 

Leto,  94. 

Leucothea,  93. 

Lexell's  comet,  263. 

Uhn,  557. 

Libration  of  the  Moon,  71. 

Light,  aberration    of,    243 ;     progressive 

transmission  of,  118;  velocity  of,  119. 
Limits,  ecliptic,  165. 
Logogriphes  on  Venus,  63  ;  Saturn,  1 34. 
Longitude,  tables  for  reducing  to  time  and 

the  contrary,  774. 
Luculi,  solar,  23. 
Lumiere  cendr6e  on  tlie  Moon,  79;  on 

Venus,  60. 
Lupus,  558. 
Lutetia,  92. 
Lynx,  556. 
Lyra,  556 ;  annular  nebula  in,  502. 

Magellanic  clouds,  535. 

Magnetism,  terrestrial  and  solar  spots,  15, 

16. 
Magnitude  of  the  solar  system,  35. 
—  of  stars,  463. 
Mahometan  year,  443. 
Maia  (minor  planet),  94«  99 ;  (star  in  the 

Pleiades),  501. 
Maps,  astronomical,  601,  705. 
Mars,  2,  3,  84.  709. 
Masses  of  the  bun,  4  ;  of  the  planets,  39  ; 

of  comets,  262.     See  also  the  several 

planets. 
Massilia,  92, 98, 100. 
Mean  noon,  421. 
Melpomene,  92. 
•Mercury.  51,  709. 
Meteoric    Astronomy,    744;    suggestions 

for  observations,  714. 
Metis,  92. 
Metonic  cycle,  459. 

Micrometer,    reti<iulated,   621 ;    parallel- 
wire,  622  ;  position,  624. 
Microscopium,  558. 
Milky  Way,  545. 
Mimas,  142, 143,  145. 
Minor  planets,  91. 
Mira  Ceti,  485. 
Mirrors  of  telescopes,  Browning*s  method 

of  mounting,  608. 
Mnemosyne,  94. 
Monoceros,  558. 
Mons  Mensfe,  558. 
Months,  437 ;  derivations  of  the  names, 

441- 
Moon,  70 ;  transit  observations  of^  660 ; 

general  observation  of,  709. 
Moonlight,  brightness  of,  81. 
Motion  of  the  Sun  to  the  ecliptic,  420 ; 

of  the  solar  system  through  space,  493. 
Motions  of  the  planets,  28. 


Mountains,  suspected  on  Venus,  59 ;  lunar* 

73  ;  suspected  on  Saturn's  ring,  141. 
Muial  circle,  678. 
Musca  Australis,  558. 

Nebulee,  502  ;  list  of  suitable  for  ama- 
teurs, 567 ;  names  of  catalogues  of, 
600;  observations  of,  710. 

Nebulous  stars,  518. 

Negative  eye-piece,  617. 

Nemausa,  94. 

Neptune,  156,  709. 

Newtonian  telescope,  604. 

Niobe,  96. 

Nodes,  238. 

Nodical  revolutions  of  the  Moon,  166. 

Noonsteede  circle,  69. 

Norma,  558. 

Nubeculee,  535. 

Nucleus  of  a  comet,  261. 

Nutation,  240. 

Nysa,  94. 

Oberon,  155. 

Object-glass,  613. 

Obliquity  of  the  ecliptic,  237. 

Occultations,  220,  433  ;  of  Jupiter's  satel- 
lites, 112. 

Octans,  558. 

Olympia,  94. 

Opera-glass,  617. 

Ophiuchus,  558. 

Orbis  lacteus,  550. 

Orbits  of  planets  and  their  elements,  31  ; 
of  comets  and  their  elements,  264;  of 
binary  stars,  480. 

Orbit-Sweeper,  681. 

Orion,  558  ;  great  nebula  in,  529. 

Pacific  ocean,  tides  in,  231. 

Pales,  94. 

Pallas,  92,  98,  99. 

Pandora,  94. 

Panopea,  94. 

Parallactic  inequality  of  the  Moon,  72. 

Parallax,   246;  horizontal,  of  the  Moon, 

247;  solar,  2,  248;  stellar,  245,  465: 

correction  of  sextant  observations  for, 

668. 
Parthenope,  92. 
Pavo,  558. 
Pegasus,  556. 

Penumbra  (of  a  solar  spot),  6. 
Perigee,  solar,  its  motion,  67. 
Perihelion,  longitude  of^  31, 264;  distances 

of  comets,  309. 
Period,  Dionysian,  460;  Julian,  461. 
Periodical  comets,  270. 
—   stars,  485.    See  Variable  8tar$, 
Periodicity  of  shooting  stars,  763. 
Periods  of  the  planets,  38. 
Perseus,  556. 
Perturbation  of  Uranus  by  Neptune,  159. 
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91.     See  Mimar  PiamgU. 
2*;  obHTvabow  of,  709.     See 


Pkttdcs,  494.  501. 

Pobr  difUaoe,  450. 

Pofe-fUr,  461. 

Pohrfajnuitt,  92,  98. 

PooMPiia,  92. 

pMif's  eoMnec,  376. 

PoBtioo,  Miglri  of,  624. 

Pofltive  ere-pieoe,  617. 

PTKtepe,  501. 

PlmeMOfi  of  the  cq«BOie«,  237. 

Fruniim:  and  la^zini^  of  the  tideai,  12%. 

Pkojectioo  of  stars  oo  the  Moon's  limb  in 

occoltations,  221. 
PirffPtrr  motion,  of  the  Son,  494 ;  of  the 

stars,  492. 
Prr^serpine,  92- 
pAjrirfr,  fj2. 
Prramid*.  remarkable  circum^tanoe  con- 

nected  with,  463. 

QuadnUore,  450. 
QoartcT-dajs,  446. 

Ran;i;;f  of  the  tide?,  230. 

Reckoning,  astronomical  and  chronologi- 
cal, the  differenre  between,  202. 

Red  flames  in  eclipses  of  the  Sun,  1 7, 1 78. 

Red  stars,  catalogue  of,  583. 

Reflecting  circle,  679. 

Reflecting  telescope,  604. 

Reflei  zenith-tabe,  680. 

Reformation  of  the  Calendar  hr  Julius 
Cesar,  425 ;  by  pope  Gregory  XIII,  426. 

Refracting  telescope,  613. 

Refraction,  249,  449,  668 ;  table  of.  780. 

Repeating  circle,  679. 

Resisting  medium,  273. 

Rcticulus  RhomboidaOa,  559. 

Rhea,  143,  144,  145. 

Right  ascension,  450. 

Rings  of  Saturn,  127. 

Roman  year,  440. 

Rotation  of  the  Sun,  8  ;  of  the  planets, 
40.     See  also  the  several  planets. 
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J*. 
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Sector,  Dip-,  679 ; 


.9^. 


75- 


tlttwigh. 


for,  668. 

5S6. 

Sritaas,  559. 

Sextant.  664  :  Box-,  675 :  piisaMtx;  675. 

Skadov,  cMt  by  V«s«,  57  ;  by  Jwfiur, 

Io^. 
Sboa<ing  stan«  759. 
Stdicnal  day.  420;  year.  423. 
Signs  of  the  Zodiac,  470. 
Solar  rrde.  460. 
&>lsucer.  65. 
Spacv,  motioo  of  tke  sobr 

493 
SpecCroaoope,  682. 

Spectrum  anaiyns.  27. 

Spbcrical  form  of  the  Earth,  proofii  d,  67. 

Spiral  nebnlc  515. 
Spots  on  the  Son,  5. 

Sfan<is  f:>r  ul^-s^^^pes,  627. 

Star-Fiid<^r.  64S 

Star*,  djuble.  477;  binary,  479:  coloured^ 
4S2  ;  multiple,  4*^3  ;  TsnaSle,  4S5  ; 
catalogue  of  Tariaolc-,  576 ;  temp*trary, 
493 ;  eentral  catalogik»  ot  593  ;  shooU 

»ng,  759 
Stellar  parallax.  245,  465. 
Stones,  meteoric,  746.     5^  AirolUet. 
Style*,  old  and  new.  42S. 
Suzgt^tiins  for  objierving  annular  eclipses 

of  the  Sun,  20S  :  for  carrying  on  general 

a-«tronomi.^  observations,  700. 
Summary  of  facts  concerning  the  planets, 

30  :  concerning  the  calculated  comets. 

Sun,  I,  706 :  central,  speculations  on,  494. 

Sunday,  436. 

Sunday  Letter,  456. 

Sun-dial,  447. 

Sunnse  and  sunset,  449. 

Superior  planets,  motions  of,  29. 

Surfaces  of  the  Sun  and  planet*,  39. 

Sylria,  96. 

Synodical  revolution*  of  the  planets,  38;  of 
the  lanar  nodes  166. 

Systems  of  the  universe,  43. 

Tables,  of  the  major  planets,  38  ;  of  re- 
fraction, 780 ;  of  equation  of  time,  422  ; 
of  differences  of  style,  431 ;  for  the  con- 
version 01  time,  770. 
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Tail-piece,  628. 

Tails  of  comets,  267. 

Taurus,  557. 

Taurus  Poniatowskii,  556. 

Telescopes,  603  ;  reflecting,  604  ;  refract- 
ing, 613  ;  history  of,  715; 

Telescopium,  559. 

Temporary  stars,  490. 

Terpsichore,  96. 

Tethys,  143, 144, 145. 

Thales,  eclipse  of,  198. 

Thalia,  92. 

Themis,  92. 

Thermometer,  use  of  in  determining  re- 
fractions, 252. 

Thetis,  92. 

Thisbe,  96. 

Thwart  circle,  69. 

Tides,  225. 

Time,  determination  of  by  transit  instru- 
ment, 658 ;  by  the  sextant,  673. 

Titan,  141, 143,  144,  145,  146. 

Titania  (satellite  of  Uranus),  155. 

Total  eclipses  of  the  Sun,  171. 

Toucan,  559. 

Trabes,  257. 

Transit  instrument,  650;  illumination  of 
wires  of,  651,  711 ;  form  for  recording 
observations,  712. 

Transit  theodolite,  677. 

Transits,  of  inferior  planets,  212  ;  of  Mer- 
cury, 213;  of  Venus,  a  16;  of  Jupiter's 
satellites,  iia;  of  shadow  of  Saturn's 
satellite  Titan,  146. 

Triangulum,  556. 

Triangulum  Australe,  559. 

Tubes  for  telescopes,  625. 

TwiUght,  254. 


Twinkling,  495. 

Umbriel,  153. 
Urania,  92. 
Uranus,  149,  7cm. 
Ursa  Major,  55^ 
Ursa  Minor,  556. 

Variable  stars,  485  ;  catalogue  of,  576. 

—  nebulse,  540. 

Variation  of  the  Moon,  72. 

Varley's  stand,  631. 

Velocity  of  tidal  wave,    233  ;    of  light, 

119. 
Venus,  2,  3,  56,  709. 
Vernal  equinox,  64. 
Vesta,  92,  98,  99. 
Victoria,  92. 
Virginia,  94, 100. 
Virgo,  557. 
Volumes  of  the  Sun,  4  ;   of  the  planets, 

39.    See  also  the  sevcnral  planets. 
Vulcan,  46. 
Vulpecula,  556. 

Watling*street,  550. 
Way  to  St.  James's,  550. 
Week,  days  of,  435. 
"  Whirlpool"  nebula,  515. 
Willow-leaves,  22. 

Year,   445 ;    mean  sidereal,  423 ;   mean 
solar,  424 ;  of  different  nations,  438. 

Zenith,  247 ;  sector,  679 ;   -tube,  reflex, 

680. 
Zodiac,  470  ;  constellations  in,  557. 
Zodiacal  light,  256. 
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Abbott,  544. 

Adamt,  189,  191. 

Adams,  J.  C,  155-9. 

Adelmus,  21. 

Agathocles,  aoo. 

A&y.  G.  B.,  a.  63. 64, 70,  89, 107, 1 19, 157, 
iSa,  183,  192,  199,  aoo,  ao8,  ai3.  aaa, 
345,  347,  264,  a67,  596.  597,  679,  680, 
681,  68a. 

Airy,  Miss,  497. 

Albategnios,  4a4. 

AlW.  95. 

Almond,  Rev.  W.  R.,  B.A.,  195. 

Amos,  470. 

Anaxagoras,  31a,  473. 

Anaximander,  66. 

Anaxiniincs,  473. 

Apian,  P.,  267. 

ApoUonius,  68,  31a. 

Arago,  D.J.  F..  16,  18.  ao.  58,  72,  78,  79. 
84,  87,  no,  117,  150,  151,  154,  158, 
159'  '73»  181,  222,  261,  263,  267,  297, 
316,  423,  427,  448,  460,  480,  488,  490, 
491,  625,  706.  745,  747,  750.  755.  756, 
764. 

Aratus,  51. 

Archimedes,  43,  68. 

Argelander,  F.  G.  A.,  101,  306,  485,  487, 
488.  494,  559,  595,  597,  602,  705. 

Aristarchus,  43,  68. 

Aristotle,  21,  223,  312,  550. 

Aristyllus,  240. 

Amauld,  685. 

Auerbacb,  195. 

Auwers,  A.,  469,  542,  601. 

Auzout,  78,  718. 

Averroes,  21. 

Baron,  R.,  427,  715. 

Bailly,  594. 

Baily,  F.,  175,  181,  200,  aoi,  aai,  344, 

464,  47a.  49a.  593,  594,  596. 
Ball,  ia7. 


Ballot,  a7. 

Bameby,  T.,  115. 

Barnes,  A.,  47a 

Bartsch,  J.,  593. 

Baudouin,  61. 

Baxendell,  103,  a  16,  577,  685. 

Bayer,  J.,  469,  47a,  486,  55a,  601. 

Beaafoy,  16. 

Beck,  E.,  643. 

Bede,  ai. 

Beecbey,  Adm.  F.  W.,  333. 

Beer,  5a.  59,  77,  78. 83. 87, 117. 14a,  144, 

ao4,  ao5. 
Belli,  174. 
Bercb,  685,  719. 
Berosus,  447. 
Berzelius,  744. 
Bessel,  F.  \V.,  64,  78,  84,  119,  121.  122, 

130,  137,  141,  144,  147,  157.  238,  239. 

254.  277,  283,  425.  595-7. 
Biancbini,  8,  58,  117. 
Biela,  265,  276,  277. 
Biot,  E.,  267,  491. 
Birt,  W.  H.,  12. 
Bishop,  G.,  542,  602. 
Blainpain,  281. 
Blakesley,  Her.  J.W.,  200. 
Blunt,  83. 

Bode,  J.  E.,  36,  150,  472,  554,  594,  601. 
Bohm,  8. 
Boillot,  258. 
Bond,  G.  P.,  82,  108,  121,  128,  137,  139, 

H^  305.  5".  512.  530»  601.  684. 
Bond,  W.  C.  114,  117,  121.125,139.143, 

160,  161,  530,  597. 
Bonpland,  759. 
Borda,  679. 
Boreel,  716. 
BorcUi,  265,  716. 
Bouger,  81. 
Bouilliand,  489. 
Bouvard.  A.,  119,  120,  147. 148. 151, 155, 

156,  376. 
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Bndley,  R«v.  J.,  151.  246.  430,  594,  595. 

719. 
Brady,  443,  445. 
Brahe,  Tycho,  45,  72,  254,  265,  425.  472, 

491.  552.  593- 
Breen,  J.,  59,  480,  679. 

Bremiker,  93. 

Brewster,  Sir  D.,  177,  625,  679. 

Brisbane,  Sir  T.  M.,  272,  489,  595. 

Brodie,  F.,  17,  86,  293,  626. 

Brorsen,  T.  J.  C.  A.,  276,  281. 

Brothers,  A.,  68a. 

Browning,   J.,   608,  609,  611,  613,  651, 

682. 

Bmhns,  C,  loi,  193,  276,  280. 

Briinnow,  F.,  loi,  275. 

Buchanan,  15  a. 

•  Borchell,  489. 

Burckhardt,  83,  89,  157,  281. 

Burr,  T.  W.,  256. 

Busch,  241. 

Byrgius.  593. 

Caodatore,  N.,  266,  267,  272. 

Caesar,  Julias,  236,  313,  425. 

Cagnoli,  A.,  594,  595. 

Calippus,  425,  458. 

Caliztus  111,  pope,  313. 

Callimachus,  473. 

Campani,  718. 

Capocci,  7,  12,  14. 

Cappelletti,  295. 

Carlini,  83. 

Carrington,  R.  C,  7, 11. 13.  17,  597»  7^8. 

Casella,  678. 

Cassegrain,  604,  718. 

Cassini,  J.,  13,  266,  425,  493. 

Cassini,  J.  D..  16,  58.  61. 82.  88,  89.  107, 

114, 117.  127.  143,  147.  224,  258.  271. 
Castelli,  85. 

Chacomac,  14,  100,  541,  543,  602. 
Chaldni,  744. 
Challis,  kev.  J.,  M.A.,  11,  18,  157,  160, 

280,  285. 
Chambers,  O.  F.,  448,  598. 
Chasles,  764. 
Chauvenet,  603. 
Ch^ux,  266. 
Childrey,  258. 
Chuen-hio,  42. 
Cicero,  53,  68,  199. 
Clairaut,  282. 
Clarke,  A.,  624. 
Clausen,  281. 
Clavius,  178. 
Cleanthus,  43. 
Collingwood,  190. 
Columbus,  207. 
Comfteld,  R.,  223. 
Cond^,  759. 

Constantine,  Emperor  of  Russia,  460. 
Cook,  Capt.  J.,  R.  N^  218. 
Cooke,  T.,  631,  685,  707,  710. 
Cooper,  E.  J.,  a8i,  306,  316,  596,  600. 


Copeland,  R.,  222. 

Copernicus,  N.,  21,  44,  54,  63,  240,  425, 

434- 
Crabtree,  W.,  217. 

Criswick,  433. 

Crookes,  W.,  685,  686. 

Ctesibius,  447. 

Cusa,  Cardinal,  427. 

Daguerre,  684. 

D'Ailly,  P.,  Cardinal,  427. 

Damoiseau,  83,  120,  277,  283. 

Dancer,  685,  697,  698. 

Darby,  Rev.  VV .  A.,  576,  599. 

Dawes,  W.  R.,  5»  ii»  ".  22,  51, 103,  107. 

113,  114,  116,  121,  1*25,  128,  129,  141. 

146.  178.  215,  222,  223,  481,  619,  620. 

625,  707.  762. 
D*Arrest,  H.,  99,  loi,  116, 145,  278.  539. 

540»  543»  ^i- 
De  Charm^res,  680. 

Dee.  715. 

D'Egiantine,  F.,  444. 

De  Gasparifi,  A.,  100. 

D*H ombre  Firmas,  178. 

Delambre,  J.  B.,  11,  21,  89,  266,  423-5. 

De  La  Rue,  W.,  70.  83,  105.  122.  135, 

137,   140,   141,   180,    197,    292,   685, 

687-90,  698,  719. 
Delaunay,  83. 
Delisle,  177. 
De  Mailla,  42. 
Dembowski,  481,  561,  599. 
Demetrius,  267. 
Democritus,  37,  312,  424,  550. 
De  Morgan,  63. 
I^Oppelmayer,  J.  G.,  601. 
Derham,  Rev.  W.,  59,  60,  600. 
Descartes,  R.,  258,  717,  718. 
Desvignoles,  42. 
Dien,  Ch.,  602. 
Digges,  L..  249,  314,  716. 
Diodorus  8iculu8,  200,  201,  424,  550. 
Diogenes  Laertius,  68,  166. 
Dion  Cassius,  436. 
Di  Vico,  58-60,  128,  275. 
Dollond,  G.,  13,  664,  680,  720. 
Dollond,  P.,  720. 
Domitian,  Emperor  of  Rome,  177. 
Donati,  G.  B.,  267.  297. 
Dorfel,  265. 
Draper,  U.,  684,  690. 
Draper,  J.  W.,  684. 
Drebbel,  717. 
Dufour,  495. 
DuilUer,  182. 
Dunkin,  E.  J.,  238,  433. 
Dunlop,  J.,  598,  600. 
Dunn,  219. 
Dupuis,  470. 
Du  S^jour,  168,  169,  263. 

Ellcry,  3. 
Ellicott,  760. 


812 


Index  of  Names  of  Persons. 


EUi8,  H.  S..  433. 

EUw.  W.,  433. 

Elmer.  313. 

Encke,  J.  F.,  2,  53.  62,  69,  no,  128,  155. 

158,  262,  271-4,  276,  480,  600. 
Euctemon,  425. 
Eudoxus,  424. 
Euler,  71 


-,  71Q. 
J8t,  678. 


Everest 

Fabricius,  D.,  486. 

Fabriciiu,  J.,  20. 

Fallows.  F.,  489.  595,  596. 

Faye,  280. 

Federenko,  596. 

Ferguson.  100,  loi. 

Ferguson.  J.,  80,  248. 

Ferrer,  J.,  173,  181. 

Firmicus,  J,,  180. 

Fixeau,  1 19.  690. 

Flamsteed,  Rev.  J.,  150,   180.  425,  470. 

47'.  553.  594*  601. 
Flaugerguffl.  306. 
Fletcher.  481. 
Fontenelle,  493. 
Forbes,  182. 
Forster,  204,  215. 
Fcirster.  W.,  loi,  375. 
Foucauit,  607,  608,  690. 
Fraunhofer,  636. 
Fritsch,  11,  18.  50,  215. 
Frodoard.  745. 
Fry,  685,  687.  689. 

Gadbury,  J.,  314. 

Galbraith,  Rev.  J.,  664. 

Galileo,  20,  22,  63,  72,  73,  79,  85,  109, 

'118,  123,  236,  616,  717. 
Galle,  J.G.,  128,  129,  158,  159,  273,  278, 

600. 
Gallet,  134. 
Gambart.  273,  277. 
Ganot,  5. 

Gassendi,  55,  214,  216,  749. 
Gauss,  264,  272,  453. 
Gautier,  16,  18. 

George  III.  King  of  England,  150. 
Gilliss,  489. 
Gilpin,  16. 

Glaishcr,  J.,  188,  433,  768. 
Goad,  55. 

Goldschmidt,  H.,  100. 
Goodricke,  487. 
Gorton,  106. 
Gould,  li.  A.,  258. 
Graham,  A.,  101. 
Grant,  R.,  150,  159,  172,  177,  219,  314, 

494. 
Gravier,  Coulvicr-,  753,  758,  764. 
Greg,  R.  P.,  768. 
Gregory,  J.,  212,  604,  718. 
Gregory  VII,  pope,  460. 
Gregory  XIII,  pope,  426. 
Griesbach,  W.,  116. 


Grimaldi,  105. 
Groombridge,  S.,  595. 
Gn)te,  (;.,  300. 
Grubb,  687. 
Gruitliaudi*n.  215. 
Guillemin,  228,  254.  501,  536. 
Gunther,  W.,  93. 
Guthrie.  60. 

Hadley.  664. 

Hakluyt,  21. 

Hail,  A.,  95. 

Hall,  C.  M.,  719. 

HaUey.  E.,  2,  73,  129,  167,  169,  173,  174, 

176,  180,  214,  3i8,  262,  266,  2S2-4, 

425,  488.  403,  553.  593.  600.  719. 
Hammond.  700. 
Hannay,  705. 
Hansen,  F.  A.,  3,  78,  83. 
Hansteen,  18. 
Harding.  52.  53,  loi,  134,  315,  373.  273, 

601. 
Harriot,  T.,  20,  265.  717. 
Harris,  J.,  144. 
Hartnup,  685. 
Hassi*lgren,  184. 
Haughton,  Rev.  2^.,  664. 
Heame,  719. 

Heather,  J.  F.,  664,  677,  679. 
Heinsius,  138,  266,  501. 
Heis,  487,  768. 
Hell,  554. 

Hencke,  K.  C,  100,  101. 
Henderson,  T.,  273,  469,  595,  596. 
Henry  1,  King  of  Kngiaud,  201. 
Henry,  King  of  France,  313, 
Herodotus,  198,  200,  447. 
Herschel,  A.  S.,  756,  768. 
Hersrhei,  Miss  C,  271,  594,  664. 
Herschel,  Sir  F.  J.  W.,  5-8, 11,13,  '4'  l^ 

19,  20,  30,  77,  78,  82,  87,  99,  102,  133, 

»34.  137.  140.  141.  144.  >45.  152.  I54» 
159,  206.  241,  250,  254,  256,  288,  428, 

4'h^  470*  473.  477.  4^.  4^7.  489*  49'. 
492,502,507,  509,  511,  513,  515-17. 

.S^i,  5^3.  5-»6,  527,  530-2.  534-6,  J39. 

543.  545.  549.  555.  560.  567.  583.  594* 
59S-601,  679,  706,  707,  765. 

Herschel.  Sir  V\  ..  8,  18-20,  22,  27,  52,  53. 

58-60,  62,  84,  87,  88,  91,  98,  107,  114, 

116,   117,  121,  122,  123,  127,  140-4, 

146,   147,  149,   152-4,  266,  267,  306. 

464.  477.  479.  486.  49'.  495.  515.  539» 
549.  550.  567.  598.  600,  604,  680.  710, 
719. 

Hesiod,  68. 

Hevelius,  71.  74,  79,  82,  205,  214.  265, 
267,  472,  486.  553,  594. 

Hind,  J.  11 ,  30,  49,  62,  63.  66,  72,  78, 
84,  90,  99,  100.  108,  113,  116,  129, 
133.  144.  154.  155,  159,  161.  184,  193. 
265,  275,  278.  281,  284,  291,  316.  480, 
490,  491,  516,  540-3,  549,  600,  603, 
705. 


Index  of  Names  of  Persons. 


813 


Hipparchus,  72,  240,  424,  434.  490,  593. 

Hippisley,  128,  140. 

Hitchens,  219. 

Hodgson,  R.,  17. 

Hoek,  M.,  93. 

Holwarda,  Pbocylides,  486. 

Homer,  62,  496. 

Hooke,  R.,  88,  107,  138,  245,  501,  630, 

679.  719. 
Home,  639,  648. 
Homsby,  594. 
Hornstein,  C,  708, 
Horrebow,  61. 
Horrox,  Re?.  J.,  216. 
Howard,  L.,  749. 
Howell,  687. 
Howlett,  Hev.  F.,  708. 
Huggins,  W.,  25,  685. 
Haggon  &  Co.,  696. 
Humboldt,  A.  Von,  258,  488,  491,  495, 

759- 
Hunniades,  513. 

Hussey,  Rev.T.,  157,  316. 

Huth,  271. 

Hutton,  706. 

Huyghens,  C,  87,  124, 127, 140, 143,  214, 

526,  617,  718. 

Ibnihim  Ben- Ahmed,  Sultan  of  the  Arabs, 

759- 
Idelcr,  461. 

Isaiah,  62. 

Izam,  746. 

Jacob,  W.  S.,  87,  103,  121, 125, 128,  129, 

135,  137,  14^  145.  147.  480,  481,  597. 

599- 
Jansen,  Z.,  716. 

Jeaorat,  4^7. 

Jehangir,  Emperor  of  Hindiistan,  745. 

Job,  470. 

John,  S)t.,  315. 

Johnson,  M.,  14,489,  595,  597. 

Johnston,  A.  K.,  234. 

Jones,  F.,  199. 

Jones,  Rev.  G.,  258. 

Jade,  St,  315. 

Justin,  201. 

Kaiser,  140. 
Karlinsky,  95. 

Kater,  W.,  121,  127,  448,  680. 
KcUner,  619. 

Kepler,  J.,  31,  37,  45,  63,  173,  176,  178, 
181,  205,  306,  21A,  216,  223,  236,  258, 

265,  309.  425*  480,  491,  501,  593.  717. 
Kirch,  42. 

Klinkerifues,  W.,  93. 

Kohler,  53,  150. 

Kriiger,  469. 

Lft  CaiUe,  425,  474,  489,  530,  553.  594, 

596,  600. 
Laertios,  Diogenes,  68,  166. 


La  Hire,  G.  P.,  7,  13,  59,  176,  222,  501. 
Lalande,  J.  De,  142,  157,  161,  168,  214, 

219,  486,  554,  694,  583. 
Lamb,  501. 
Lambert,  479. 

Lambnt,  J.,  16,  98,  144,  154,  155,  161. 
Lander,  206. 
Lansberg,  217. 
La  Nux,  268. 
Laplace,  P.  S.  De,  20,  54, 66,  73, 78, 116, 

119,  134,  147,  150,  274,  420,  425,471. 
Lardner,  l).,  20,  30,  65.  706. 
Lassell,  W.,  102,  103,  107,  114, 117,121, 

128,  I2Q,  140,  141,  143,  153-5.  160, 

161,  186,  223.  256,  719. 
Laugier,  8,  11,  283. 
Laurent,  loi. 
Laussedat,  182. 
Layard,  A.  H.,  199. 
Lee,  J.,  221. 
Le  Monnier,  151,  554. 
Lescarbault,  46. 
Lespiault,  99. 
Lesser,  O.,  93. 
Levander^  no. 
Le  Verrier,  U.  J.,  3,  46,  53,  54.  62,  69, 

89,  150,  156,  161,  276,  280,  540. 
Lewis,  Sir  G.  C,  440. 
Lexell,  263,  281. 
Liais,  E.,  50,  265. 
Liiandier,  495. 
Liapounoy,  530. 
Lichtenberg,  150,  504. 
Lindenau,  De,  55,  63,  90,  244. 
Lippersheim,  H.,  716. 
Littrow,  53,  62,  69,  155,  161,  602. 
Lohrmann,  W.  G.,  82. 
Loomis,  K,  170,  603,  652,  654,  664,  677, 

679,  682,  706. 
Louis  XIV.,  718. 
Louville,  180. 

Lowe,  E.  J.,  II,  13. 195,  256,  292,  311.       fc 
Lower,  Sir  W.,  265. 
Lowy,  M.,  95,  305. 
Lubbock,  Sir  J.  W.,  83,  225,  602. 
Lucretius,  473,  494. 
Lummis,  49. 
Lundahl,  241,  244. 
Luther,  £.,  542. 
Luther,  R.,  100. 
Lynn,  W.  T.,  583. 

Mac  Culloch,  235. 

Mackay,  489. 

Maclaurin,  176.  181. 

Maclear,  Sir  T.,  114.  221,  279,  280,  298, 
469,  489. 

Macrobius,  68. 

Madler,  J.  H.,  52,  53.  59,  60,  62,  68-70, 
77,  78,  82,  87-Q,  107,  117,  142,  144, 
151,  155.  157.  i^i.  479.  480,  494,  697. 

599- 
Mahomet,  313. 

Maimonides,  315. 


Index  of  Names  of  Persons. 


Uain,  Rct.  B«  57,  84,  lOJ,  116,  Ul,  137. 

"40.  433.  S96.  597- 
MilmMburr,  WiUiiun  of,  10),  313. 
HBuUiu,  550. 

Alanldi,  J.  f.,  87,  114,117,  138,487. 
Alwdokempadiu,  107. 
Hariu*,  3.,  109. 
Mwth,  A.,  100. 
AlutiD,  I>T.,  190. 
Mutiiu,  675. 

Alaikrlyne,  Rer.  N.,  149,  594. 
MuoD,  C.,  109. 
Muon.E.  P.,  601. 
Maurioe,  114 

Muiriee,  Prince  of  NuwD,  717. 
Muimilun,  Archduke,  71M. 
Maximiliui,  Kmperor  of  GenoBDj,  718, 

746. 
Majer,  T,  8j,  ijo,  594.  679. 
Mecbiio,  171,  aSo,  516. 
.MellaDi,  S>. 
Hercator,  314. 
Menenni!,  71 H, 
llenier,  114,  138, 169.  J71,  J76,  iSo,  314. 

So».  S".5'S.  S39.  S67.6<». 
Hetiiu,  A.,  717. 

MiJdktoii,.l.'.'(>oj. 
Milaer,  Rev.  T.,  434.  761, 
Hilton,  314.  4J11,  550, 
Mitchell,  479. 
AlceiEIin.  iiv 
MUl,  ID7  1  ^. 
iK[\vr,  A.,  95 
Moljinvax,  116,  719. 
Montaif^nc,  bi,  176. 
AloiitBiuri.  487,  491, 
Mouttnran.  61. 

AlorgBn.  A.  Ih'.  63,  419,  453,  461. 
Muwotii,  J  73, 
I    Mudgc,  719. 


P4lilich,  183,  4S7, 

P»l»,  C.  F.,  J99,  301,  303,  S43- 

FanwxUiu,  313. 

ParUiant,  470. 

Pwtorff,  11. 

Pttnon,  Ser.  W..  114,  603,  615,  664, 

677,  679.680,  681. 
Peiree,  137,  161. 
Periclea,  100. 
Peters.  C.  A.  F.,  137.  J39.  Hi,  144, 469, 

494- 
Pelen,  C  H.  P.,  7.  13, 100,  >8i. 

Pplil,  17. 

Philip  Augtulni,  King  of  Fraice,  184. 

PhiUip..  Prof  J..  17.60,  685. 

PhUoteiu,  68. 

PhiloMntui,  177. 

Piuii,  G..  101,  S95- 

Picud,  1 19. 

Picoalomiiii,  471. 

Pigott.  181,  488,  490. 

Piapi.  »68,  J83,  316,  599. 

Piota,  174. 


Plinj,  S3,  66,  108,  199.  J36,  148,  311, 
49a. 

Pluurch,  43,  68,  177,  100,  »07,  13*.  439. 


iN«irtie,  119. 

Nspoleon    I,    Emperor    of    Fmnre,     .■;8, 

3'4- 
Narrien,  664,  677,  670,  680. 
N«»rayth,  J,  11.  83,  ^7. 
Newall,  H.  8.,  13. 
Newton,  Sir  I.,  31.  33.4,=i.  '47.  '^7>  'i^> 

140,  iSi.  604.  71N. 
Niix'tihoruB,  J57. 
Niouta^  68. 

Nicolai,  119. 
Nublo,  709. 
N™,,  673. 
Numa  Pompiliuii,  440. 

Oi:ltu'n,  J97. 
<Knapide«,  4J4. 

Ulbcrs,  99,  101,  j68,  371,  177,  j8i,  316, 
600. 


Pociobot,  554. 
P0C7,  J97. 
VoK«.ii,  100,  Hi. 


Polydore  VirnU,  11. 

Pond.  J.,  f-g^. 

Pom,  171,  176.  iSi. 

Pontccoulant,  83,  183. 

PorU,  J.B..  716. 

Vouillel,  I.. 

Pound,  119. 

Powalky,  93.  95. 

Po«cU.  a,  177,  480,  544. 

Prince.  C.  L.,  1 14. 141. 

Procter,  R.  A.,  6oj,  63a. 

^rvsi^-rin,  1,^0.  J71. 

i'i.,Ui>iv,  C,  4,V  53,  6j,  7».  89.  119, 147, 
i07,  140,  1.^4,  3U.  434,  433' 434- 447' 
47 J'  477-  4S3.  4S8, 49J,  55".  559.  593' 

Pjlhugonu.  6j.  66,  473,  J50. 

Pytheas,  136,  463. 


Quctelet,  A-  J-  1",  "7,  7^4' 

Radau,  49. 
KaDimelibcTK.  744. 
Ramsden,  617,  619.  708. 
Raslel,  759. 
Rc^moDtanat,  417- 


Index  of  Names  of  Persons. 


Rheita,  De,  501,  718. 
Ricdoli,  74,  81,  107,  348,  430. 
KigMid,  717. 
Ritleohouae.  170. 
BobertKni,  107. 
Itobes|HeiTe,  445. 
Bobmson,  R«v.  T.  B.,  597. 
Bodkier,  61. 
Romer,  liS. 
Romnliu,  440. 
Homl,  J95. 
Boieaberger,  3  S3. 

Bowe,  E«il  of.  77,  160,  509,  sil,  513. 
5'S.  S16.  S19.  Sal.  5^3.  5»6,  517.  5J4. 
^  537.  539-  "Soo.  60'.  687,  719. 
Itomur,  666. 
RothniBan,  £9.^. 


Soyer, 


-  5f  3- 


.T,  C.,'i7a,  596. 

Bilmker,  G.,  95. 
Bouell,  S3. 
Ratherford,  691,698. 

Sabine,  t6. 

(Wflbrd,  161,  597. 

Baigej,  7S8. 

Suitini.  U.,  119, 177,  S96. 

S*iU7.  480. 

Sraliger,  461. 

Scmrlet.  719. 

ScheiDer,  C,  ai,  717. 

aehiipaielli,  J.  v.,  101. 

ScbiUer,  J.,  601. 

Schjellenip,  577,  598. 

SohniiJt,  J.  K  J.,  14.  SO,  l»l,  156,  JS8, 

487.  S33.  758- 
Schiiiifeld.  E..  S39.  576.  577. 
8chi8tcr,  J.  J.,  19,  5},  53.  56-S.  60,  61, 

78,81,84,  100.  107,114,113.  irs. 
Sdmbeit.  93. 
Sdnilti,  tL.95- 
adanbe,  U.,  11-15,  ■34-  '4°- 
SwU,  101. 
Seochi,  A.,  II,  io,  87. 117,  m,  134.  297, 

481, 5^9. 5JO.  S41.  56",  599.  685,  688. 
SediUot,  73. 
Seeling,  H.,  95. 
Belwja,  ReT.  W.,  690. 
Senecm.  J7,  16a,  363,  167,  31J,  471.  483. 
Seitof  IV,  pope,  417. 
8h>kerle<r,  J..  114. 
Sharp,  A.,  594. 
9heepihuiki,  Ber.  R..  663. 
Short,  J.,  32,  61,  117,  719. 
Sigismiuul,  Duke  of  AoiDiii,  749. 


ii».  r.w 


.»9- 


Jjj,  664,  677. 


Smith.  H.  L.,  601,  643.  719. 

SmTth,  Adm.  W.  H.,  85,  114.  159,  331, 

36a,  313,  481.  481,  s©3,  S05.  5'7. 56'. 

567-  S99.  705- 


Stark,  50. 

Bteinheil,  608. 

HCepben,  King  of  EogUnd,  303. 

StCieUf.  333. 

Stewart,  B.,  16. 

Bt«ddan],  no. 

Stone,  E.  J.,  3,  57, 

Street,  314. 

8tni.e,  F.  G.W.,  134.  J39,  J44,  373, 183, 

469.  477,  4B0,  593,  S96,  S98,  S99. 
Strove,  U..  1J9,  IJ4,  140,  153,  154,  161, 

174,   366,   J7),   380,  469,   494,   S30, 

697- 


TBlmago,  54J. 
TajJor,  489,  J96. 
Tciieou-kong,  66. 
"■  ■■     1.  J..  If 


543-  ' 


Tempel,  W.,  loo,  539,  543. 
Tfaales,  66,  19S. 
Theopbaoeg,  759. 
TheophraatDB,  550. 
Thiue,  147. 

Thomtbwaile,  639, 648. 
Thorpe,  B.,  10  3. 
Thucydidei,  100.  107. 

Hetien.  101. 
Timocharis,  61,  140. 
Titiii»,36. 
Toiricelli,  107. 
Troughton,  679. 
Tnttle,  H.  P.,  101,3 
Twining,  A.  C.,  134. 
Trndall,  J.,  8a. 

Ulugh  Beigh,  491, 593. 

Valx,  49, 1S7.  "67   »7»- 
Varela,  ij8. 
Varler.  631. 
VuKDiiu.  iSo,  181. 

v^.,706. 

Villarceau,  179,  4S0. 
ViEce.  594- 


Walk«r,  Rer.  R.,  i8c 
Walker,  S.  C,  161. 
Wallia,ii6,  336. 
WaUi>.J.,  133. 


816 


Index  of  Names  of  Persons. 


Webb,  Rev.  T.  W.,  11-13,  50,  59,  60, 
77.  82,  87.  110,  117,  139,  140.  256, 
a88.  293,  561,  599,  615,  617,  705.  708, 

754. 
Wcfe  Abbl,  72. 

Weisse,  B.,  596,  597. 

Welaer,  22, 

Westphal,  281. 

Whatton,  Rev.  A.  B.,  217. 

Whewell,  Rev.  W.,  233. 

Wichmann,  70,  71. 

William  I,  King  of  England,  284,  313. 

William  II,  King  of  England,  759. 

William,  Landgrave  of  Hesse,  593. 

Williams,  G.,  289. 

Williamson,  685. 

WiUich,  788. 

Wilson,  19. 

Wing,  214. 

Winnecke,  A.,  3,  276,  48a 

Wisniewski,  306. 


With.  608. 

Witte,  83, 

Wolf,  R,  8,  16,  17,  18. 

Wolfers,  J.  P.,  93. 

Wollaston,  5.  13,  82. 465,  594. 

Woolhouse,  170. 

Wrmngel,  no. 

Wray,W..  131. 

Wright,  T.,  494,  550. 

Wrottesley,  Lord,  595.  597. 

Wonelbaur,  214. 

XenophoD,  199. 

Young,  J.  R^  664. 

Zach,  De,  99,  492,  583,  594.  595. 
Zech,  93. 
Zeno,  312. 
ZoUner,  5,  82. 
Zucchi,  107. 


April,  1867.] 


UNIVERSITY   OF   OXFORD. 

The  Delegates  of  the  Oxford  Press  understand  from  eminent 
Schoolmasters  and  others  who  are  authorities  upon  education, 
that  there  is  still  great  need  of  good  School  Books  and 
Manuals. 

They  are  told  that  Editions  with  good  English  notes  of  many 
of  the  Greek  and  Latin  Classics  read  in  the  higher  classes  of 
the  Public  Schools  are  required ;  that  text-books^  both  English 
and  Foreign,  are  much  needed  for  the  use  of  Schools,  especially 
with  reference  to  the  Local  Examinations  held  by  the  Univer- 
sities ;  that  good  English  and  other  Grammars,  and  Exercise 
Books  adapted  to  them  and  with  a  copious  supply  of  Examples, 
are  much  needed ;  and  that  there  is  a  great  and  urgent  want 
of  Delectuses,  Analecta,  and  generally  of  books  of  Selections 
from  Authors,  for  use  in  Schools ; — 

That  the  Histories  now  read  in  Schools  are  greatly  below 
present  requirements,  and  in  some  cases  there  are  absolute 
deficiencies ;  and  that  the  want  of  good  books  on  History  is 
much  felt  in  the  Law  and  Modem  History  School  in  the 
University ; — 

That  English  Treatises  on  Physical  Science,  written  with 
clearness  and  precision  of  language,  and  adapted  for  use  in  the 
higher  classes  of  Schools,  and  in  the  Natural  Science  School 
of  the  University,  do  not  exist. 

They  believe  that  the  University  may  with  propriety  and 
efficiency  do  much  towards  remedying  the  defect.  They  have 
therefore  determined  to  issue  a  series  of  Educational  Works, 
hoping  to  supply  some  existing  wants,  and  to  help  in  improving 
methods  of  teaching. 
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The  departments  of  Education  which  they  propoae  to  deal 
with  at  present  are  the  following  : — 

I.  Classics.     The  Delegates  hope  to  issue 

1.  Works  suitable  for  the  Universities  and  the  highest 

forms  of  Schools ;  or 

2.  Books  for  School -work  generally^  beginning  from 

the  very  rudiments. 

II.  Mental  and  Moral  Piulosophy. 

III.  Mathematical  Works;  both  for  University  Students,  and 

also  with  especial  regard  to  the  needs  of  Middle 
Class  Schools. 

IV.  HisroRY.  Here  again  there  will  be  two  classes  of  books : — 

1.  Short  Histories^  such  as  may  be  useful  for  the 

History  School^  or  for  general  reading; 

2.  School  Histories,  with  all   the   necessary  appli- 

ances for  education. 

V.  Law. 

VI.  Physical   Science.      The  experience  of   teachers  in   the 

University  and  elsewhere  has  already  pointed  out 
several  desirable  works,  and  has  also  gone  some 
way  towards  providing  the  books  required. 

VIL  English  Language  and  Literature,  which  will  comprise 
a  carefully  compiled  series  of  Reading  Books,  Exercise 
Books,  and  Grammars. 

VIII.  Modern  Languages. 

IX.  Art;  including  Handbooks  on  Music,  Painting,  and  the 

like. 

X.  English   Classics  ;    a  series   of  reprints   of  some   of  the 

masterpieces  in  our  language,  chiefly  for  the  use  of 
Schools. 

The  Delegates  of  the  Press  inmte  mggestions  and  advice 
from  all  persons  interested  in  sound  education ;  and  toiU  be 
thankful  for  hints,  Sfc.^  addressed  to  the 

Rev.  G.  W.  KiTCHiN,  Walton  Manor,  Oxford, 
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Just   Published. 

1.  Descriptive    Astronomy,     A    Handbook    for    the 

General  Reader,  and  also  for  practical  Observatory  work.  With  224 
illustrations  and  numerous  tables.  By  G.  F.  ChambeR8|  F.K.A.S., 
Barrister-at-Law.     (Demy  Svo.  cloth,  856  pp.,  price  2l8.) 

The  aim  of  this  work,  briefly  expressed,  is  generail  usefulness,  whether  in  the 
hands  of  the  student,  the  general  reader,  or  the  professional  observer.  Great 
pains  have  been  taken  to  present  the  latest  information  on  all  branches  of  the 
science.  The  development  of  At^tronomy  is  now  so  rapid  that  unless  an  author 
exercises  constant  vigilance  his  book  must  fall  behindnand :  and  it  is  believed 
that  this  volume  not  only  contains  the  most  recent  discoveries  and  deductions, 
but  that  in  it  will  also  be  found  information  hitherto  to  be  met  with  only  in  the 
publications  of  learned  Societies,  difficult  of  access  and  inconvenient  for  reference 
even  to  the  Astronomer,  and  absolutely  out  of  the  reach  of  the  general  reader. 

"A  bulky,  but  very  interesting  book.  «  *  *  «  We  gladly  welcome  it, 
and  only  regret  that  even  more  information  could  not  be  squeezed  into  ita 
pages — though  it  is  by  no  means  one  of  those  unreadable  treatises  which  bristle 
with  an  array  of  scientific  facts  so  dense  as  to  be  indigestible  by  an  ordinanr 
reader.  *  *  •  «  The  engravings  are  an  admirable  feature  of  this  manual, 
and  contribute  much  to  the  esteem  in  which  we  are  disposed  to  hold  it." — 
John  Bull. 

2.  A  Treatise  on  Natural  Philosophy.    Volume  I.    By 

Sir  W.  Thomson,  LL.D.,  D.C.L.,  F.R.S.,  Professor  of  Natural  Philosophy 
in  the  University  of  Glasgow,  and  P.  G.  Tatt,  M.A.,  Professor  of  Natural 
Philosophy  in  the  University  of  Edinburgh ;  formerly  Fellows  of  St. 
Peter's  College,  Cambridge.  [Nearly  ready, 

"  Our  object  is  twofold  :  to  give  a  tolerably  complete  account  of  what  is  now 
known  of  Natural  Philosophy,  in  langua<^e  adapted  to  the  non-mathematical 
reader ;  and  to  furnish,  to  those  who  have  the  privilege  which  high  mathematical 
acquirements  confer,  a  connected  outline  of  the  analytical  process  by  which  the 
greater  part  of  that  knowledge  has  been  extended  into  regions  as  yet  unexplored 
by  experiment. 

•  •  •  •  • 

"  We  commence  with  a  chapter  on  MoHon,  a  subject  totally  independent  of 
the  existence  of  Matter  and  Force.  In  this  we  are  naturally  led  to  the  considera- 
tion of  the  curvature  and  tortuosity  of  curves,  the  curvature  of  surfaces,  and 
various  other  purely  geometrical  subjects. 

*  «  *  •  • 

"  Chapter  II.  gives  Newton's  Laws  of  Motion  in  his  own  words,  and  with 
some  of  his  own  commentaries  ;  every  attempt  that  has  yet  been  made  to  super- 
sede them  having  ended  in  utter  failure. 

"Chapter  III.  briefly  treats  of  Observation  and  Experiment  as  the  basis  of 
Natural  Philosophv. 

"  Chapter  IV.  deals  with  the  fundamental  Units,  and  the  chief  instruments 
used  for  the  measurement  of  Time,  Space,  and  Force. 

*'  Thus  closes  the  First  Division  of  the  Work,  which  is  strictly  preliminary. 

"The  Second  Division  is  devoted  to  Abstract  Dynamics,  (commonly  of  late 
years,  but  not  well,  called  Mechanics).  Its  object  is  briefly  explained  in  the 
introductory  (fifth)  Chapter,  and  the  rest  of  the  present  volume  is  devoted  to 
Statics. 

"Chapter  YI.,  after  a  short  notice  of  the  Statics  of  a  Particle,  enters  into  con- 
siderable detail  on  the  important  subject  of  Attraclion. 

"  In  Chapter  VII.  the  Statics  of  Solids  and  Fluids  are  treated  with  special 
detail  in  various  important  branches,  such  as  the  Deformation  of  Elastic  Solida 
and  the  Figure  of  the  Earth. 
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"  We  beliere  that  the  mutiiemrtiol  mder  will  efloeciallj  pro&t  bj  a  pervaal 
of  tlie  lar^re  tjpe  portioD  of  tliu  Toiaiiiey  «•  he  will  thiu  be  forced  to  think  oat 
for  h'liijtelf  what  he  hac  been  too  often  aociistoincd  to  reach  bj  a  mere  meehanieal 
application  of  analrsis.  Xothin?  ean  be  more  fatal  to  progrtat  than  a  too  ocm- 
fide&t  reliance  apcn  mathefnatical  STmbols :  for  the  stndisnt  im  obIj  too  apt  to 
take  the  easier  ooarve,  and  oonci  ier  the  fonmmla  and  not  the  fatd  aa  tha  phjseal 
walitT.-— Frv«  tk€  AudUffw"  Prt/aee. 

3.  Chemistry   for   Students.      By  A.  W.  Williamsox. 

Phil.  Doc./f.R  S.,  Profinnor  of  Chenuatrr,  Unhrenitj  College,  London. 
(Crown  Sto.  eloth,  price  7*-  <hl.) 

Also :  Solutions  of  the  Problems  in  *•  Chemistry  for 

Stadcnta."     Br  the  nine  Author.     (Crown  8fx>.  aewed,  price  6d,) 

**  Within  le«  thaa  Ibor  hnndred  pagea  of  a  handy  little  Tolome,  in  type  not 
fati^in^  to  the  eye,  Pyofca»  r  WilUaBinn  here  gives  to  f^e  ttndent  an  outline 
of  the  leaJing  beta  and  principle*  of  inorganic  and  oq^anic  chemictrT. 

**  Thw  Totrnne  U  reaUj  a  too  rare  eranipie  of  what  a  good  elementary  text4wok 
in  any  acienoe  ought  to  be :  tha  language  brief,  simple,  exact ;  the  arrangement 
logicdL  deTelopiDg  in  hicid  order  priiKiplea  from  bets,  and  keeping  theory  always 
dependent  apon  ohHrrataon  ;  a  book  that  keeps  the  neaaon  of  the  student  actire 
while  he  strirea  to  master  details  diflieult  but  never  without  interest,  and  that 
famishes  him  with  means  for  practising  himself  in  the  right  managemoit  of  eafch 
new  tool  of  knowledge  that  is  given  to  him  for  his  use.** — fTraswnrr. 

4.  An  Elementary  Treatise  on  Heat,  with  numerous 

Woodcuts  and  Diagrams.   By  BxLTorB  Stkwabt,  LL.D..  F.R^  Director 
of  the  Observatory  at  Kew.    (Crown  Svo..  doth,  price  7s,  6d.) 

*'  Ail  persons  engaged  in  the  teaching  or  stody  of  experimental  philoaophy  will 
be  glad  to  have  a  manual  fro«n  the  pen  of  a  gentlrman  competent  to  treat  the 
subject,  and  brinpni;  his  information  in  it  up  to  the  ^cieDce  of  the  |MT«ent  day. 
Whilst  tht.  book  is  tboro<i^'hlT  practical  and  adJ%ptt^i  for  use  in  the  claa&-room. 
Dr. Stewart  has  not  neglected  to  diicuw  the  int<:rr\r>tiD£:  reUtii^as  of  heat  to  other 
forms  of  force,  and  the  beanag  of  the  phenomena  of  heat  on  the  the<iries  of  *  con- 
servation of  ener/y'  and  'dia^ipatzon  of  enerjy*  in  the  Universe." — Atkmauai. 

**  The  highest  praise  we  can  give  this  volume  i$  to  say  that  it  is  entitled  to  its 
place  in  the  remarkable  soies  which  is  now  in  the  coursr  of  is6ue  from  the  Claren- 
don Prett,  and  that  it  follows  not  unworthily  the  (.  Vaiufry  of  Profeaaor  Williamson 
and  the  Gntk  Verb*  of  Mr.  Veitdi.  Such  manuaU,  so  admirable  in  matter,  ar- 
rangement, and  type,  were  never  before  given  to  the  world  at  the  same  moderate 
price.  Our  ideas  of  the  nature  of  heat,  as  the  author  obcjerves,  have  recently 
undergone  a  great  change.  Ueat  is  now  regarded,  not  as  a  »pecies  of  matter,  but 
as  a  species  nf  motion :  and  the  relation  between  it  and  the  other  forms  of  motion, 
in%-olring  the  principJea  of  the  science  of  ener^.  ojn^-titute*.  perhaps,  the  most 
exciting  study  of  the  day,  being  just  in  the  «tage  which  keeps  everybody  on  tiptoe 
of  expectation.  The  publication,  then,  of  this  manual  is  exceedingly  well  timed  ; 
it  includes  within  narrow  limits  the  leadin.:  facts  and  principles  of  this  younger- 
bom  of  the  Sciences,  and  for  the  mastery  of  the  greater  porton  of  its  contents  only 
requires  ordinary  intelligence  on  the  part  of  the  reader  " — Spectator. 

**  In  contrasting  this  volume  with  other  text -books  of  similar  pretensions,  we 
are  struck  with  its  superiority  in  point  of  arrangement,  and  in  the  manner  in 
which  it  preeeots  the  results  of  the  most  recent  researches  on  the  subject.  It 
has  been  successful,  too,  in  mastering  another  difficulty  which  besets  the  writers 
of  text-books,  and  that  is  in  drawing  the  line  between  the  merely  popular  treatise 
and  the  dry  compendium." — Lomdom  ReHetc. 

*'  This  compact  little  treatise  is  coomiendable  l^th  as  an  elementary  expoe'tion 
of  the  chief  phenomena  of  heat  and  their  practical  applicatit»ns,  and  also  as  a 
brief  exposition  of  the  philosophical  theories  which  have  recently  given  a  new 
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interest  to  the  phenomena.  The  structure  of  the  work  is  also  excellent." — 
Fortnightly  Review. 

"The  book  before  us  forms  an  admirably  complete  and  well -arranged  manual 
of  principles  which  affect  the  properties  and  forms  of  matter,  and  therefore  must 
underlie  our  systems  of  chemistry  and  natural  philosophy  alike.  Although  the 
theoretical  expansions  of  this  science  might  hll  many  volumes,  and  their  mathe- 
matical determinations  are  of  the  most  abstruse  character,  yet  for  the  use  of 
students  (for  whom  the  book  is  designed)  Dr.  Stewart's  work  is  complete  as 
including  the  best  summary  of  recent  results  and  excluding  everything  not 
absolutely  required  for  the  writer's  purposes. 

"As  a  scientific  essay  Dr.  Stewart's  second  book  on  *  Badiant  Heat'  has  a 
peculiar  value  ;  and  his  third  may  be  regarded  as  a  new  treatise  on  a  new  subject. 
*  •  *  *  This  book  is  well  indexed  and  beautifully  printed  ;  and  even  as  a 
record  of  some  results  of  those  silent  and  important  labours  which  within  the 
memory  of  most  readers  have  occupied  men  ot  science  we  commend  the  volume 
to  those  who  may  be  disposed  to  regard  the  subject  in  itself  as  unpromising  and 
■omewhat  dry."— PoZZ  Mall  Gmzeite. 

*'The  compilation  of  a  text-book  tor  students  in  science,  and  a  manual  for 
general  reference,  could  not  have  been  entrusted  to  better  hands  than  those  of 
Dr.  Stewart,  who  early  distinguished  himself  by  original  investigations  on  the 
laws  of  radiant  heat,  and  who  is  known  as  an  ingenious  and  accurate  experi- 
menter. •  *  «  Known  results  and  laws  are  clearly  stated,  not  as 
isolated  facts,  but  with  an  intelligent  regard  to  their  mutual  relations  in  the  order 
of  nature.  This  we  look  upon  as  the  author's  highest  achievement.  The  dia- 
grams are  well  drawn — a  noteworthy  feature  ;  for  our  scientific  works  have  long 
been  disfigured  with  coarse  copies  from  the  exquisite  illustrations  of  French 
authors." — Imperial  Review. 

5.    Greek    Verbs,    Irregular    and    Defective;    their 

forms,  meaning,  and  quantity ;  embracing  all  the  Tenses  used  by  Greek 
writers,  with  references  to  the  passages  in  which  they  are  found.  By 
W.  Veitch.  New  and  revised  edition.  (Crown  8vo.  cloth,  616  pp.# 
price  8«.  6d.) 

**  Mr.  Veitch's  work  on  the  Irregular  and  Defective  Greek  Verht  is  as  signal  a 
proof  as  could  be  furnished  that  a  book  designed  to  assist  the  learner  or  the 
advanced  student  may  be  convenient  in  size  and  yet  exhaustive  in  treatment, 
may  be  quite  original  in  investigation  and  yet  &11  readily  into  the  education^ 
channel,  may  confine  itself  to  the  strictest  exposition  of  phenomena,  and  yet  be 
fresh  with  the  force  of  character  and  lively  with  the  humour  that  belong  more  or 
lees  to  all  inquiring  and  independent  minds. 

"  We  shall  not  pretend  to  review  the  treatise  of  an  author  who  stands  very 
nearly,  if  not  altogether,  alone  in  knowledge  of  his  subject.  Mr.  Veitch  is  indeed 
as  independent  of  the  praise  or  the  censure  of  critics  as  any  author  need  care  to 
be.  It  is  one  of  his  chums  to  the  gratitude  of  scholars  that,  in  spite  of  the  prema- 
ture and  almost  universal  desertion  of  the  field  of  rigid,  textual  scholarship,  for 
the  easier,  showier,  and  pleasanter  field  of  aesthetic  or  literary  disquisition,  he  has 
persevered  in  his  forsaken  and  solitary  path,  and  has  produced  a  work  unique  of 
its  kind,  full  of  fresh  and  lasting  contributions  to  our  knowledge  of  the  Greek 
language,  and  intellectually  vivacious  and  incisive  on  nearly  every  page.  Open 
the  book  anywhere,  and  instances  of  erroneous  doctrines  corrected,  of  omissions 
(common  to  all  our  lexicons)  supplemented,  of  new  theories  propounded  and  vin- 
dicated, occur  at  once.  We  congratulate  Mr.  Veitch  on  the  completion,  and 
the  Clarendon  Press  on  the  publication,  of  a  work  which  will  reinstate  our  scholar- 
ship in  that  esteem  which  tbe  Germans  have  almost  ceased  to  entertain  for  it 
since  the  days  of  Person  and  Elmsley,  and  which  will  have  the  merit  not  only 
of  purifying  the  fountain-heads  of  classical  education,  but  of  affording  the  youth> 
fill  scholar  an  example  of  that  moral  singlenen  of  purpose  and  undeviating  search 
for  truth,  which  are  even  rarer  than  the  intellectual  gifts  that  have  been  lavished 
on  its  execution." — Spectator. 
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"TW  Irtok  Ueiun  u%  In  Mr.  WUlmm  Tcalcb  i*  q^dse  a  «\j«teiU 
to  cntMal  kaz/wMfe  of 'Gr««k,  mtA  kM  beca  ielactni  br  the  IMegstcs  of  tiM 
CfahKwkib  Preas  to  lad  off  a  b«v  Mriea  «if  ««l»casiottal  vMkfl.  lu  greai  dktiae- 
tMo,  Oh  tbe  fint  plaee,  >■  that  it  m  all  dcvired  £rrja  ^vifiaal  na^fiag.  Mr.  Ycitdi 
Iwi  go»!r  v'tk  a  carelol  fiafvr  thrjogk  the  Grt>ek  text*,  aa^  the  Greek  text*  m 
ihexr  Ut««t  neenooKt,  majrkia^  ererj  ■otir»abfa  fcvm,  aad  clfcwfcJBf  br  hia 
petWMial  «xaaiiBauoo  the  diftm  <d  onhtr  cntka.  •  •  •  •  The  bMk 
wdftiHi  ve  maj  laj  iad:efimial>lf;  t«»  echolara,  ia  the  viiieet  MttK  of  the 
It  take*  a  lar^r  raa^  than  iu  laiii  title  voold  isplj ;  aod  bcadea  ~ 
•QpfilefDeikt  to  oar  b4t  LexknBA,  Mch  aa  thas  of  UiiltSL  aad  Seo«t, 
tMiches  'jf  fine  philology  vfaich  voaU  hare  deii^M«l  Ponoo  aad  Fliify." — 
PaU  Mall  GizHU, 

"  Mr.  Veiieh  w  ■■■fur  ia  hii  own  mhieet,  aad  k^t  p*jd»«d  a  book  vkieh  is 
•implj  marrelkjQfl  aa  a  revnh  of  nioot  exteonre  rr^Aiaz  and  eonpolooa  aeeoracj, 
eoiabiacd  with  keen  icholaribip.  For  the  Clareoiloii  Preai  to  head  iu  acvieo  wtA 
thU  remarkable  little  book  maj  be  taken  ac  a  g>oi  omen  for  tho  Hiaiin  in  tho 
UaiTenitj,  vbicb  bear*  tbe  repotation  of  nphoi^ng  a  itjie  of  teholardiip  thai  ia 
rather  broMl  tban  refined.*" — Lomd'm  JUriem^ 

6.  The  Golden  Treasury  of  Ancient  Greek  Poetiy; 

beia;^  a  Collection  of  the  finest  piigea  in  the  Greek  ClaMe  Pocte,  with 
Intrrjdoctorj  Xotioes  and  Noiei^  Bj  R.  &  Weight,  M.A.,  FcUow  of 
Oriel  Coile;^,  OxfonL     (Crown  8vo^  cloth,  price  S#.  6d.) 

**  We  orjiold  wifth  that  tbe  advertiienient  of  thin  antbologj  waa  rather  Vem  pr»- 
ienti'iHj,  for  it  is  deacribe«l  as  a  *  collection  of  tbe  ime»i  poMaagn  in  the  principal 
Greek  PoeU  ;*  a  phrase  with  whidi  adTortisenient  ooliunns  bare  made  as  familiar. 
It  implitii  t/jo  fetrongiy  tbe  perfection  of  tbe  compiler's  critical  acomen.  Tkia  one 
tbin^  said,  we  can  boneatlj  praise  tbe  oollectioD  itself.  TIm  introdnctkias  to  the 
Tarious  |>eri(>ds  of  Greek  literatore  are  short  essaj»  foil  of  #|Hrit ;  condensed,  jot 
€\exr  :  and  a  noreltr  wbicb  seems  reallr  nwfnl.  is  a  brief  mannnal  analwis  where 
tbe  train  of  tboagbt  is  uljscare.  Tbe  notes  are  a  sdiolar*s  work,  and  shew  a 
ocholar'ff  iiitere«t  in  his  subject.  The  analj-ed  <if  the  s(>ecimeo  choruses  from 
^<4chyla4  an«I  Sophocles,  Aii<I  the  notes  ther^jo,  are  excellent  examples  of  short 
and  pjihy  eoninientanr.*' — L*fwi*/n  Rrclevc. 

*"  One  of  the  prettie-rt  of  tlie  conTenient  *  Cbur^mlon  Press  Series'  ia  tbe  *  Golden 
Treasury  of  Ancient  Greek  I'oe'ry.*  It  is  intcndoi  to  brini:  toother  the  choicest 
paH<tage8  of  all  the  Greek  prietd  in  a  form  convenient  to  the  sohc^Arly  m:ui  who 
occaifionally  amuses  his  leisure  boors  with  tbe  classics.  It  is  also  fit  fir  school 
use.  The  account  of  lyric  poetry  and  of  the  gradual  tnuusition  of  the  metres  is 
excellent.  Each  poet  has  !  is  date  prefixed  to  the  extracts,  and  every  extract  is 
headed  by  a  short  ar^gument  to  show  its  connection,  where  such  is  at  all  needed. 
There  are.  besides,  about  two  hundrel  pages  of  annotations,  mainly  Terr  good. 
The  selections  are  a<Imira}»lv  made,  and  include  manv  beautiful  fragments  and 
passage-i  (aiuong  others  the  'Swallow  Song'>  that,  l»eirig  scattered  through  such 
authors  as  Athenseus,  are  unfamiliar  to  ordinary  readent.** — Saivm  (.4M^ri<tiM>. 

7.  The  Elements  of  Deductive  Logic,  designed  mainly 

for  the  u.-^  of  Junior  StU'lents  in  the  Universities.  By  the  Rev.  T. 
Fowler,  M.A.,  Fellow  and  Tutor  of  Lincoln  College,  Oxford.  (Crown 
8vo.,  cloth,  price  3*.  6</.) 

*'  The  preciHC  object  of  these  pages  is  (without  presupposing  any  technical 
acquaintance  with  logical  terrainolo^'y)  to  enable  a  student  of  average  intelligence 
to  Ha|uire  for  himself  an  elementary  knowledge  of  the  main  problems,  principles, 
and  r  11  let*  of  Deductive  Logic. 

*•  The  Manuals  of  Sanderson,  Wallis,  Aldrich,  &c.,  owing  to  the  peculiar  cir^ 
cunmtanceH  of  the  period  in  which  they  were  written — a  period  which,  being  tran- 
sitional, re'ained  not  only  much  of  the  scholastic  terminology,  but  also  much  of 
the  Realistic  doctrine — have  ceased  to  be  adapte<l  to  modem  instruction.  Tlie 
Author,  vdih  some  misgivingn,  and  a  keen  sen^e  of  the  difficulties  of  the  task. 
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trusts  that  the  present  work  may  be  found  usefully  to  occupy  their  place.  Its 
propositions  cannot  however  be  presented  in  the  same  curt  and  dogmatic  shape,  for 
we  have  learnt  to  regard  many  portions  of  Logic,  like  many  portions  of  the  sciences 
whose  method  it  cl^ms  to  analyse,  as  fieurly  open  to  differences  of  opinion. 

"  It  is  hoped  that,  independently  of  its  bearing  on  University  studies,  a  short 
English  Manual  of  Logic  may  be  used  with  advantage  in  the  upper  Forms  of 
Schools,  and  that  it  may  not  be  without  interest  to  the  general  reader." — From  the 
AiUhor*8  Preface, 

**  We  think  such  a  manual  is  very  opportune.  Oxford  requires  the  study  of 
a  certain  amount  of  logic  in  the  academical  courste,  but  hitherto,  Aldrich's  Manual, 
in  lt»  strange  Latin  and  with  its  inconsistent  terminulogy,  has  been  the  only  text- 
book upon  which  students  commence  their  acquaintance  with  the  science  of  logic. 
Mr.  Fowler's  little  work  is  not  intended  to  be  a  substitute  for  more  advanced  trea- 
tises, but  rather  to  put  the  general  reader  in  possession  of  an  outline  of  the  science 
of  logic,  which  will  enable  him  to  pursue  the  subject  intelligently  for  himself  on  a 
more  complete  scale.  It  is  a  great  thing  to  say  of  a  manual  of  logic  that  it  is  not 
repulsive  on  first  perusal,  and  a  still  higher  praise  to  be  able  to  describe  it  as 
not  unattractive.  Now,  setting  aside  the  necessary  technicalities  and  mechanical 
details  that  must  occur  in  every  work  on  logic,  we  think  this  short  treatise  will 
be  read  with  pleasure ;  partly  owing  to  a  judicious  arrangement  of  the  subject 
into  short  chapters  and  paragraphs,  and  not  less  from  the  clearness  and  freshness 
of  the  style.  It  Lb  a  novel  {)lan  to  add  at  the  end  of  the  chapters,  in  the  form  of 
a  note,  a  brief  statement  of  opinions  differing  from  the  views  given  in  the  text, 
with  references  to  the  various  works  where  these  opinions  may  be  examined.  In 
a  science  like  logic,  in  which  doctors  have  agreed  to  disagree,  there  is  a  pleasant 
honesty  in  this  which  gives  us  confidence  in  our  guide." — lAmdon  Review, 

8.  Specimens  of  Early  English;  being  a  Series  of 

Extracts  from  the  most  important  English  Authors,  Chronologically 
arranged,  illustrative  of  the  progress  of  the  English  Language  and  its 
Dialectic  varieties,  from  A.D.  1250  to  a.d.  1400.  With  Granmiatical 
Introduction,  Notes,  and  Glossary.  By  R.  Morris,  Editor  of  "TI19 
Story  of  Genesis  and  Exodus,"  &c.     (Crown  8vo.,  cloth,  price  7s.  6<2.) 

This  work  seeks  to  set  before  students  of  the  English  language  a  systematic 
view  of  its  older  forms  and  their  development,  as  exhibited  in  writers  of  the  latter 
part  of  the  thirteenth  and  the  whole  of  the  fourteenth  centuries  :  a  most  important 
period  in  the  history  of  our  language,  though  it  has  been  but  imperfectly  investi- 
gated even  by  the  best  writers  on  the  subject.  Existing  text-books  on  the 
history  of  English  literature  and  language  not  only  pass  over  much  that  ia 
important  in  this  period,  but  they  also  deal  in  a  very  unsatisfiictory  way  with 
many  chief  authorities,  whose  style,  language,  and  position  are  thought  to  be 
sufficiently  illustrated  if  twenty  or  thirty  lines  are  devoted  to  them,  lliere  ia 
in  fact  no  real  knowledge  of  this  period  to  be  met  with.  This  present  work  is 
intended,  partially  at  least,  to  fill  this  blank,  and  presents  a  series  of  specimens 
selected  so  as  to  form  a  connected  and  continuous  whole. 

The.se  specimens  are  arranged  in  chronological  order,  and  illustrate  the 
leading  dialects  of  the  early  English  period,  lliey  will  be  found  to  be  (for  the 
most  part)  new ;  having  been  chosen  from  works  which  have  not  usually  been 
quoted  and  are  not  well  known.  In  many  cases  the  passages  are  re-edited  from 
the  best  MSS. ;  a  few  of  them  now  appear  for  the  first  time.  The  work  has  a 
Grammatical  Introduction,  Notes,  and  a  Glossary. 

"  Few  have  done  so  much  with  such  success  as  Mr.  Morris,  whose  volume  ia 
not  only  a  grammar,  but  a  collection  of  well-selected  reading  and  a  dictionary,  all 
in  one.  It  will  surprise  some,  perhaps,  if  we  say  that  they  who  cannot  read  this 
book  are  ignorant  of  English,  but  the  fact  is  incontrovertible  nevertheless,  and  the 
task  of  mastering  their  own  language  is  rendered  easy  by  the  clearness,  good 
taste,  and  judgment  of  this  accomplished  author.'* — Athenamm. 

**  A  book  of  this  kind  has  long  been  needed  for  our  colleges  and  higher  schools. 


C LAKES  DOS  PRESS  SERIES. 


Mid  •ven  ftdrftooed  stiHknU  kare  nerer  befotv  had  the  rasahs  «f  late  mmdj  oa 
llft«  earlier  Engliidi  writen  ihu  oatnpactly  set  forth.  Mr.  M orrii  baa  acted  and 
claM«i6ed  with  great  care  the  ■peciaitiei  of  the  earij  djalwti.  arrascnig  tbcB 
un'ler  the  three  beaJa  of  Northern,  Mi  lland,  and  S  ^tben.  Tbe  Ootliikea  of  the 
Early  Kn((lu»h  Grammar  are,  boverer.  baaed  on  the  Soatticra  dialect  atiij.  To 
each  declentvjn  anil  conjugation  if  abided  the  An^lo-Saxon  o<ie  froa  vhieh  it  vm 
dtf^rw\^\,  HO  tliat  itf  origin  vt  elearlj  acen.  Mr.  Moms*  ^'\Hn  imiiM  inchide 
paMM((<:«  from  every  important  work  of  the  period,  and  are  tcvt  telly  aad 
rectJy  affin^Hatttl,  with  a  complete  Gloaary." — Saiiom  KAwtaieams. 


9.  Spenser's  Faery  Queene,  Book  I.     Designed  chiefly 

frir  the  DM  of  KcborJa.     With  Introdaction,  Xotea,  aad  Gloamr.     Bt 
the  Ker.  G.  W.  KiTCHi9,  M.A^  Whitehall  Preacher ;  fbnneriy  O 
of  Chruit  Church.    (Crown  8ro.,  cloth,  price  im,  6d.\ 
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In  course  of  preparation. 

I.  Classics. 

1.  Sophocles.    By  the  Rev.   Lewis  Campbell,  M.A., 

Professor  of  Greek  at  St.  Andrews,  formerly  Fellow  of  Queen's  College, 
Oxford. 

2.  Homer,  Hiad   I— XII.      By  D.   B.   Monro,  M.A., 

Fellow  and  Tutor  of  Oriel  College,  Oxford. 

3.  XIII-XXIV. 

4.  Homer,  Odyssey  I— XII.   By  the  Rev.  W.  W.  Merry, 

M.  A.,  Fellow  and   Lecturer  of  Lincoln  College,  Oxford ;  and  the  late 
Rev.  J.  RiDDELL,  M.A.,  Fellow  of  Balliol  College. 

XIII-XXIV.      By  Robinson  Ellis, 


M.  A.,  Fellow  of  Trinity  College,  Oxford. 

6.  A  Golden  Treasury  of  Greek  Prose,  being  a  col- 

lection of  the  finest  passages  in  the  principal  Greek  Prose  Writ-^rs,  with 
Introductory  Notices  and  Notes.  By  R.  S.  Wright,  M.A.,  Fellow  of 
Oriel  College,  and  J.  £.  L.  Shadwell,  £.  A.,  Student  of  Christ  Church. 

7.  Horace.     With  English   Notes  and  Introduction. 

By  the  Rev.  £.  Wiokhau,  M.A.,  Fellow  and  Tutor  of  New  College, 
Oxford.    Also  a  small  edition  for  Schools. 

8.  Livy  I-X.      By  J.  R.  Seeley,  M.A.,   Fellow  of 

Christ's  College,  Cambridge  ;  Professor  of  Latin,  University  College, 
London.     Also  a  small  edition  for  Schools. 

9.  Cicero.    Select  Letters.    By  the  Rev.  A.  Watson, 

M.  A.,  Fellow  and  Tutor  of  Brasenose  College,  Oxford. 

I  o.  Cicero.   The  Philippic  Orations.   By  the  Rev.  J.  R. 

Kino,  M.A.,  formerly  Fellow  and  Tutor  of  Merton  College,  Oxford. 

11.  A    Silver  Treasury  of   Latin   Poetry,   being    a 

collection  of  passages  from  the  less  known  Latin  Poets.  By  the  Rev. 
North   Pindeb,  M.A.,  formerly  Fellow  of  Trinity  College,  Oxford. 

[In  the  Press. 

12.  Selections  from  Xenophon   (for  Schools).     With 

English  Notes  and  Maps.  By  J.  S.  Phillpotts,  B.C.L.,  Fellow  of  New 
College,  Oxford ;  Assistant  Master  in  Rugby  School. 

13.  The  Commentaries  of  C.  Jul.  Caesar  (for  Schools). 

Part  T.  The  Gallic  War,  with  English  Notes,  &c.,  by  Charles  E. 
MoBERLT,  M.A.,  Assistant  Master  in  Rugby  School ;  formerly  Scholar 
of  Balliol  CoUege. 

Also,  to  follow :  Part  II.  The  Civil  War :  by  the  same  Editor. 
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1 4.  Select  Epistles  of  Cicero  and  Pliny  (for  Schools). 

With  En^liah  Notes,  bj  the  Rer.  C.  E.  Puchabd,  MJL  ,  fbnMrij  Fellow 
of  BaUioI  College. 

1 5.  Selections  from  Plato  (for  Schools).  With  English 

Xoteft,  br  the  Bev.  B.  Jowktt,  M^  .  Begio*  rrofe^or  <^  Greek,  and 
J.  Ptbvu,  B.A.,  FeOov  mad  Lecturer  of  BaUiol  College. 

1 6.  The  Elements  of  Greek  Accentuation  (for  Schools) : 

abridged  from  hk  btfgcr  work  br  H.  W.  Chasdlkb,  MJL.,  Fellow  and 
Tntor  of  Pembroke  College,  Oxford.  [/a  Oe  Prtm. 

17.  Cornelius    Nepos    (for    Schools).    With    English 

Koies,  bj  Oscab  Bbowvisg,  M.A-,  Felluw  of  King's  College,  Cambridge, 
and  AasMtaiit  Master  at  Etoo  CoDege. 

1 8.  Theocritus  (for  Schools).    With  English  Notes,  by 

the  Bev.  H  Ssow.  M.A..  FeUow  of  King's  College,  Cambridge,  and 
Assistant  Master  at  Eton  College. 

19.  Aristotle  s  Politics.  By  W.  L.  Xewmax,  M. A.,  Fellow 

and  Lecturer  of  Balliol  CoUege,  Ozlbrd. 

20.  Thucydides.    By  H.  Nettleship,  M.A.,  Fellow  and 

Tutor  of  Lino»ln  CoU^,  Oxford. 

2 1 .  Ovid.     Selections  for  the  use  of  Schools.    Being 

a  new  edition  of  a  work  by  the  late  Professor  Bamsaj.  Edited  bgr 
G.  G.  Bamsat,  MJL,  The  College,  Glasgow.  [/»  ike  Pnu. 

II.  Mental  and  Moral  Philosophy. 
I.  The  Elements  of  Deductive  Logic,  designed  mainly 

for  the  U'«e  of  Junior  Students  in  the  Universities.  Bj  the  Bev.  T. 
Fowler,  M.A.,  FeJow  and  Tutor  of  LincoLa  CoU^^,  Oxford.  (Crown 
Svo.,  cloth,  price  Zf.  6d.)  [Jiut  pMisked, 

III.  Mathematics. 

1.  An  Elementary  Treatise  on  Quaternions. 

By  P.  G.  Tait,  M.A.,  Professor  of  Natural  Philosophy  in  the  University 
of  Edinburgh  ;  formerly  FeUow  of  St.  Peter's  CoUege,  Cambridge. 

[/w  the  Press, 

2.  A  Course  of  Lectures  on  Pure  Geometry. 

By  H.  J.  Stephex  Smith.  M.A..  F.R.S.,  Fellow  of  Balliol  College,  and 
Saviiian  Professor  of  Ge<Hnetry  in  the  University  of  Oxford. 

IV.  History. 

1.  A  History  of  Germany  and  of  the  Empire,  down 

to  the  close  of  the  Middle  Ages.  By  J.  Bbtck,  M.A.,  Fellow  of  Oriel 
College,  Oxford. 

2.  A  History  of  British   India.     By  S.  Owex,  M.A., 

Lee's  Reader  in  Law  and  History,  Christ  Church  ;  and  Beader  in  Indian 
Law  in  the  University  of  Oxford. 
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3.  A  History  of  Greece.    By  E.  A.  Fbeeman,  M.A., 

formerly  Fellow  of  Trinity  College,  Oxford. 

4.  A  Constitutional    History  of  England.     By  the 

Rev.  W.  Stubbs,  M.A.,  formerly  Fellow  of  Trinity  College,  and  Regius 
Professor  of  Modem  History  in  the  University  of  Oxford. 

5.  A  History  of  Germany,  from  the  Reformation.    By 

Adolphub  W.  Ward,  M.A.,  Fellow  of  St.  Peter's  College^  Cambridge ; 
Professor  of  History,  Owen*s  College,  Manchester. 

V.  Law. 

1,  The  Institutes  of  Justinian,  with  Notes  and  an 

English  Translation.  By  J.  Bbtcb,  M.A.,  Fellow  of  Oriel  College, 
Oxford. 

2.  Commentaries  on  Roman  Law ;  from  the  original 

and  the  best  modem  sources.  In  Two  Volumes,  demy  8vo.  By  H.  J* 
ROBY,  M.A.,  formerly  Fellow  of  St.  John's  College,  Cambridge ;  Pro* 
fessor  of  Law  at  University  College,  London. 

VL  Physical  Science. 

1.  Natural  Philosophy.     In  Four  Volumes.    By  Sir 

W.  Thomson,  LL.D.,  D.C.L.,  F.R.S.,  Professor  of  Natural  Philosophy, 
Glasgow,  and  P.  G.  Tait,  M.A.,  Professor  of  Natural  Philosophy,  Edin- 
bui^h  ;  formerly  Fellows  of  St.  Peter's  College,  Cambridge. 

[  Vol.  I.  nearly  ready, 

2.  By  the   same  Authors,  a   smaller  Work  on  the 

same  subject,  forming  a  complete  Introduction  to  it,  so  far  as  it  can  be 
carried  out  with  Elementary  Geometry  and  Algebra. 

3.  Forms  of  Animal  Life.     By  G   Rolleston,  M.D., 

F.R.S.,  Linacre  Professor  of  Physiology,  Oxford.  Illustrated  by  De- 
scriptions and  Drawings  of  Dissections.  [In  the  Press. 

4.  On  Laboratory  Practice.    By  A.  Vernon  Harcourt, 

M.A.,  Lee's  Reader  in  Chemistry  at  Christ  Church,  and  H.  G.  Madan, 
M.  A.,  Fellow  of  Queen*s  College,  Oxford. 

5.  Geology.  By  J.  Phillips,  M.A.,  D.C.L.,  LL.D.,  F.R.S., 

Professor  of  Greology,  Oxford. 

6.  Mechanics.    By  the  Rev.  B.  Price,  M.A.,  F.R.S., 

F.R.A.S.,  Fellow  of  Pembroke  College,  Oxford,  and  Sedleian  Professor 
of  Natural  Philosophy. 

7.  Acoustics.   By  W.  F.  Donkin,  M.A.,  F.R.S.,  Savilian 

Professor  of  Astronomy,  Oxford. 

8.  Optics.    By  R.  B.  Clifton,  M.A.,  F.R.A.S.,  Pro- 

feasor  of  Experimental  Philosophy,  Oxford ;  formerly  Fellow  of  St.  John's 
College,  Cambridge. 

9.  Electricity.      By   W.  Esson,   M.A.,    Fellow    and 

Mathematical  Lecturer  of  Merton  College,  Oxford. 
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10.  Cry^jtallozraphy.     Bj  M.  H.  X.  SroBT-MjiSKELTyE, 

>LA  .   Pm&iaur   if  3Cnc-n4Di^.  OtjoitI  ;   and   Dcpatj-Keeper,  Brttah 

M.uefim. 

1 1 .  ^tineralogj.     Bj  the  same  Author. 

12.  Physiolotrical    Physics.      Bv  G.  Griffith,  M.A^ 


u    rfatt    Brrciiii  AjBudafiion,   aod    Xatund  Sdcnee  Macter, 

13.  Ma^nietbm. 

Vn.    EXGLIsH    LaXGCAGE   AND   LITERATURE. 

1.  On  the  Principles  of  Grammar.    By  the  Rev.  E. 

TaaOii*  HJL,  R^mi  VatfCsr  M  rpptn--hani  SchooL 

Als^x  by  the  same  Author,  a  Gradual,  designed  to 

jerre  a»  an  Exerciiie  ami  CompoaitiiYn  Buok  in  the  Eogluh  Langnage. 

2.  The  Philology  of  the  English  Tongue.    By  the 

Rev.  J.  Eablb.  M  X.,  Ibnn«rij  Fellow  of  Oriel  College,  Oxford,  and 
Pr'ifeMur  of  Aiu^lo-^Nuoo. 

3.  Specimens  of  the  Scottish  Language ;  being  a  Series 

of  Aiiiit}Ca&eil  Extnctt  iUostratire  of  tlie  Literatnre  and  Philologj  of  the 
Lowland  Toogne  firom  the  foorteentb  to  the  nineteenth  centmy.  With 
Innnxiuctiim  and  GTihitt.     Bt  A.  H.  Bcegbss,  A.K. 

+.  Reading  Books.  [InthePreu. 

Bv  the  Author  of  ^  Mademoiselle  Mori." 

Fart  i.     For  Little  ChiMren,  in  boM  type. 
Furt  ii.    For  Junior  ClaMen  in  Schools. 

r^     }    K  For  the  Hi^jher  Cluses  in  Schools. 
Part  IV.  f  =* 

5.  Typical  Selections  from  the  l)est  English  Authors 

from  the  Sixteenth  to  the  Nineteenth  Century,  (to  serve  as  a  higher 
Rea<iing  B«Mik.)  with  Introductory  Notices  and  Notes,  being  a  Contribution 
towanis  a  Illrtory  of  English  Literature. 

VIII.  French.     Bv  Mons.  Jules  Bue, 

Honorary  M.A.  of  OxfonI :   Taylorian  Teacher  of  French,  Oxford  ; 
Examiner  in  the  Oxford  Local  Examinations  from  1858. 

1.  A  French  Grammar.     A  complete  Theory  of  the 

French  Language,  with  the  rules  in  French  and  English,  and  numerous 
Examples  to  serve  as  first  Exercises  in  the  Language. 

2.  A  French  Grammar  Test.     A  Book  of  Exercises 

on  French  Grammar ;  each  Exercise  being  precedeii  by  Grammatical 
Questions. 

3.  Exercises  in  Translation  No.  1,  from  French  into 

English,  with  general  rules  on  Translation  ;  and  containing  Notes,  Hints, 
and  Cautions,  founded  on  a  comjuinson  of  the  Grammar  and  Genius 
of  the  two  Languages. 
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4.  Exercises  in  Translation    No.  2,  from  English 

into  French,  on  the  aame  plan  as  the  preceding  book. 

French  Classics.     By  Gustave  Masson,  B.A., 

Univ.  Gallic,  Assistant  Master  in  Harrow  School. 

1.  Vol.  I.  Comeille:  Cinna.     Moli^re:  Les  Femmes 

Savantes.     With  Fontenelle's  Life  of  Comeille  and  Notes. 

[In  the  Press, 

2.  Vol. II.  Racine:  Athalie.    Comeille:  LeMenteur, 

With  Louis  Racine's  Life  of  his  Father. 

3.  Vol.  III.    Molifere:    Les  Fourberies    de    Scapin, 

Racine :  Andromaque.     With  Voltaire's  Life  of  Moli^re. 

4.  Selections  from  the  Correspondence  of  Madame 

de  S^vign^.     (Intended  more  especially  for  girls'  schools.) 

5.  Selections  from  modern  French  Authors. 

IX.  Art. 

1.  A  Treatise  on  Harmony.     By  the  Rev.  Sir  F.  A, 

Gore  Ouseley,  Bart.,  M.A.,  Mus.  Doc,  Professor  of  Music,  Oxford. 

[/«  the  Press, 

2.  A  Handbook  of  Pictorial  Art.     With  numerous 

Illustrations  and    Practical   Advice.       By  the   Rev.   R.   St.  John 
Tyrwhitt,  M.  a.,  formerly  Student  and  Tutor  of  Christ  Church. 

X.  English  Classics. 

Demaned  to  meet  the  tranta  of  Students  in  English  Literature : 
ufider  the  superintendence  of  the  Rev.  J.  S.  Brewer,  M.A.,  of 
Queen'^s  College,  Oxford^  and  Professor  of  English  Literature 
at  King's  College,  London. 

There  are  two  dangers  to  which  the  student  of  Engh'sh 
literature  is  exposed  at  the  outset  of  his  task; — his  reading 
is  apt  to  be  too  narrow  or  too  diffuse. 

Out  of  the  vast  number  of  authors  set  before  him  in  books 
professing  to  deal  with  this  subject  he  knows  not  which  to 
select;  he  thinks  he  must  read  a  little  of  all ;  he  soon  abandons 
so  hopeless  an  attempt ;  he  ends  by  contenting  himself  with 
second-hand  information;  and  professing  to  study  English 
literature^  he  fails  to  master  a  single  English  author. 

On  the  other  hand^  by  confining  his  attention  to  one  or 
two  writers,  or  to  one  special  penod  of  English  literature, 
the  student  narrows  his  view  of  it;  he  fails  to  grasp  the 
subject  as  a  whole ;  and  in  so  doing  misses  one  of  the  chief 
objects  of  his  study.  ^ 
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How  may  these  errors  be  avoided?  How  may  minute 
reading  be  combined  with  comprehensiveness  of  view  ! 

In  the  hope  of  furnishing  an  answer  to  these  questions  the 
Delegates  of  the  I'ress,  acting  upon  the  advice  and  experience 
of  ProfcRSor  Brewor,  have  determined  to  issue  a  series  of 
small  volumes,  which  shall  embrace^  in  a  convenient  form 
and  at  a  low  price,  the  general  extent  of  English  Literature, 
as  represented  in  its  masterpieces  at  successive  epochs.  It  is 
thought  that  the  student,  oy  confining  himself,  in  the  first 
instance,  to  those  authors  who  are  most  worthy  of  his  atten- 
tion^ will  be  saved  from  the  dangers  of  hasty  and  indiscrimi- 
nate reading.  By  adopting  the  course  thus  marked  out  for  him 
he  will  become  familiar  with  the  productions  of  the  greatest 
minds  in  English  Literature ;  and  should  he  never  be  able  to 

Eursue  the  subject  beyond  the  limits  here  prescribed^  he  will 
avo  laid  the  foundation  of  accurate  habits  of  thought  and 
judgment,  which  cannot  fail  of  being  serviceable  to  him 
hereafter. 

The  authors  and  works  selected  are  such  as  will  best 
serve  to  illustrate  English  literature  in  its  historical  aspect. 
As  "the  eye  of  history,^'  without  which  history  cannot  be 
understood,  the  literature  of  a  nation  is  the  clearest  and  most 
intelligible  record  of  its  life.  Its  thoughts^  and  its  emotions, 
its  graver  and  its  less  serious  moods,  its  progress,  or  its  de- 
generacy, nrc  told  by  its  best  autliors  in  their  best  words. 
This  view  of  the  subject  will  suggest  the  safest  rules  for  the 
study  of  it. 

With  one  exception  all  writers  before  the  Reformation  are 
excluded  from  tlio  Series.  However  great  may  be  the  value 
of  literature  before  that  epoch,  it  is  not  completely  national. 
For  it  had  no  conmion  organ  of  language  ;  it  addressed  itself 
to  special  classes ;  it  dealt  mainly  with  special  subjects. 
Again  ;  of  writers  who  flourished  after  the  Reformation,  who 
were  popular  in  their  day,  and  reflected  the  manners  and 
sentiments  of  their  age,  the  larger  part  by  far  nmst  be 
excluded  from  our  list.  Common  sense  tells  us  that  if  young 
persons,  who  have  but  a  limited  time  at  their  disposal,  read 
Marlowe  or  Greene,  Kurton,  Hakewill  or  l)u  Bartas,  Shak- 
speare.  Bacon,  and  Milton  will  be  comparatively  neglected. 

Keeping,  then,  to  the  best  authors  in  each  epoch  —  and 
here  popular  estimation  is  a  safe  guide — the  student  will  find 
the  following  list  of  writers  amply  sufficient  for  his  purpose : 
Chaucer,  Spenser,  Hooker,  Shakspeare,  Bacon,  Milton, 
Dryden,  Bunyan,  Pope,  Johnson,  Burke,  and  Cowper.  In 
other  words,  Chaucer  is  the  exjvonent  of  the  Middle  Ages 


CLARENDON  PRESS  SERIES.  •     15 

in  England ;  Spenser  of  the  Beformation  and  the  Tudors ; 
Hooker  of  the  latter  years  of  Elizabeth;  Shakspearo  and  Bacon 
of  the  transition  from  Tudor  to  Stuart ;  Milton  of  Charles  I 
and  the  Commonwealth ;  Dryden  and  Bunyan  of  the  Restora- 
tion ;  Pope  of  Anne  and  the  House  of  Hanover;  Johnson, 
Burke^  and  Cowper  of  the  reign  of  George  HI  to  the  close 
of  the  last  century. 

The  list  could  be  easily  enlarged  ;  the  names  of  Jeremy 
Taylor,  Clarendon,  Hobbes,  Locke,  Swift,  Addison,  Gold- 
smith, and  others  are  omitted.  But  in  so  wide  a  field,  the 
difficulty  is  to  keep  the  series  from  becoming  unwieldly,  with- 
out diminishinsT  its  comprehensiveness.  Hereafter,  should 
the  plan  prove  to  be  useful,  some  of  the  masterpieces  of  the 
authors  just  mentioned  may  be  added  to  the  list. 

The  task  of  selection  is  not  yet  finished.  For  purposes  of 
education,  it  would  neither  be  possible,  nor,  if  possible,  desir- 
able, to  place  in  the  hands  of  students  the  whole  of  the  works 
of  the  authors  we  have  chosen.  We  must  set  before  them 
only  the  masterpieces  of  literature,  and  their  studies  must 
be  directed,  not  only  to  the  greatest  minds,  but  to  their 
choicest  productions.  These  are  to  be  read  again  and  again, 
separately  and  in  combination.  Their  purport,  form,  lan- 
guage, bearing  on  the  times,  must  be  minutely  studied, 
till  the  student  begins  to  recognise  the  full  value  of  each 
work  both  in  itself  and  in  its  relations  to  those  that  go 
before  and  those  that  follow  it. 

It  is  especially  hoped  that  this  Series  may  prove  useful  to 
Ladies^  Schools  and  Middle  Class  Schools ;  in  which  English 
Literature  must  always  be  a  leading  subject  of  instruction. 


A  General  Introduction  to  the  Series. 

By  the  Bev.  Pbofcssob  Bbeweb,  M^. 

1 .  Chaucer.     The  Prologue  to  the  Canterbury  Tales ;  The 

Knightes  Tale ;  The  Nonne  Prest  his  Tale. 

Edited  by  B.  MOBRIS,  Editor  for  the  Early  English  Text 
Society,  &o.  fto.  [Nearly  ready. 

2.  Spenser.     Faery  Queene,  Book  I.  V^^^  Published. 

3.  Hooker.     Ecclesiastical  Polity^  Book  I. 

Edited  by  the  Rev.   R.  W.  Chuboh,   M.A.,   Rector  of 
Whatley  ;  formerly  Fellow  of  Oriel  Ck)llege. 
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